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ADVERTISEMENT. 
[Bulletin No. 31.] 
The publications of the United States Geological Survey are issued in accordance with the statute, 
approved March 3, 1879, which declares that - . 
" The publications of the Geological Survey shall consist of the a:c.nual report nf operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
illd economic geolog:y and paleontology. The annual report of operations of the Geological Survey 
shall accompany the annual report of the Secretary of the Interior. All special memoirs and reports 
of said Survey shall be issued m uniform quarto series if deemed necessary by the Director, but other-
wise in ordinary octavos. Three thousand copies of each shall be published for sdentific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shaU be the p~operty of the United States and form a part cf the library of the organization: And the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States." 
On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress : 
"That whenever any document or report shall be ordered printed by Congress, there shall be printed, 
in addition to the number in each case stated, the ·miual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 
Under these general laws it will be seen that none of the Survey publicati0ns are furnished to it for 
gratuitous dil.tribution. The 3,000 copies of the Annual Report are distributed through the document 
rooms of Congress. The 1,900 copies of each of the publications are distributed to the officers of the 
legislative and executive departments and to stated depositories throughout the United States. 
Except, therefore, in those cases where an extra number of any publication is specially supplied to 
this Office by the Secretary of the Interior, the Survey has no copies of any of its publications for gra-
tnitous distribution. 
ANNUAL REPORTS. 
Of the Annual Report11 there have been already published: 
I. First Annual Report to the Hon. Carl Schurz, by Clarence King. 1880. so. 79 pp. 1 map.-A 
preliminary report describing plan of organization and publications. 
II. Report of the Director of the United States Geological Survey for 1880-'81, by J. W. Powell. 
1882. 8°. lv, 588 pp. 61 pl. 1 map. 
III. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883. 
So. xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the trnited States Geological Survey, 1882-'83, by J. W. Powell. 1884. 
So. x=ii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885. 
8°. xx:xvi, 469 pp. 58 pl. and maps. 
The Sixth Annual Report is in press. 
MONOG-RAPHS. 
Of the Monographs, Nos. II, III, IV, V, VI, VII, VIII, and IX are now published, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutt-on, Capt. U.S. A. 
1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 
1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio Price $11. · 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 40_ xiv, 451 pp 3 pl. Priee $1.50. 
V. Copper.bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 40_ xvi, 164 pp. 151. 
29 pl. Price $1.85. · 
VI. Contributions to the Knowl~dge of the Older Mesozoic Flora of Virginia., by Wm. M. Fontaine. 
1883. 4° . xi, 144 pp . 54- l. 54 pl. Price $l.05. 
VII. Silver.Lead Dtposits of Enreka, NeYada, by Joseph S. Curtis. 1884. 40 _ xiii, 200 PP·. HI pl. 
Price $1.20. 
VIII. Paleontology of the Enreka District. bv Charles D . Walcott. 1884. 40_ xiii, 298 pp. 24 1. 
U pl. Price $1.10. . 
IX. Brachiopoda and Lamelli).n·anchiata of the Raritan Clays and Greensand Marls of N~w Jersey, 
by r.obert P. WhitfieM. 1885. 4°. =, 338 pp. 35 pl. Prke, $1.15. 
ADVERTISEMENT. 
The following a.re in press, viz: 
X. Dinocerata. A Monogmph of a,n Extinct Order of Gigantic :Mammals, by Othniel Charles M.an!J. 
1885. 4°. x'°iii, 237 pp. 56 pl. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. 
XII. Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. 
The following are in preparation, viz: 
I. The Precious Metals, by Clarence King. 
- Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague. 
- Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, hy Prof. 0. C. Marsh: 
- Stegosauria, by Prof. 0. C. Marsh. 
- Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by Ge-0rie F. Becker. 
- The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Roland D. IrviDJ. 
- Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux. 
- Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
- Report on the Denver Coal Basin, by Samuel F. Emmons. 
- Report on Ten-Mile Minlng District, Colorado, by Samuel F. Emmons. 
- Report on Silver Cliff Mining District, by Samuel F. Emmons .. 
- Flor<t c;>fthe Dakota Group, by J. S. Newb.erry. 
BULLETINS. 
The Bulletins of the Survey will contain such papers relating to the general purpose of its work &a 
do not properly come under the heads .of Annu<tl Reports or Monographs. 
Each of these Bullctin.s contains but one paper and is complete in itself. They are, however, nnm• 
bered in a continuous series, and may thus be united into volumes of convenient size. To facilitate 
this, each Bulletin has two paginations, one proper to itself and another which belongs to it as parr of 
the volume. 
Of this series of Bulletins Nos. 1 to 32 are aJready published, viz: 
1. On Hypersthene-Andesite !lnd on Triclinic P.vroxene in Augitic Rocks, by Whitman Cross, with 
a Geological Sketch of Buffalo Peaks, Colorado, b.v S. F. Emmons. 1883. 8°. 42 pp. 2 pl. Price IO cents 
2. Gold and Silver Conversion Tables, giving the coining value of troy ounces of fine metal, etc. , b 
.Alber•, Williams, jr. 1883. 8°. ii, 8 pp. Price 5 cents. 
3. On the Fossil Faunas of the Upper Devonian, 'llong the meridian of 76° 30', from Tompkins Coun·. 
New York, to Bradford County, Pennsylvania, b.v Henry S. Williams. 1884. 8°. 36 pp. Price 5 cen·• 
4. On .Mesozoic Fossils, by Charles A. WIJ.ite. 1884. 8°. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Henr.v Gannett. 1884. 8°. 325 P. 
Price 20 cents 
6. Elevations in the Dominion of Canacl:1, by J. W. Spencer. 1884. go. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A. catalogu11 of geological maps of America (North and Sou·!. 
1752-1881, by Jules Ma1·con ancl John Bt>lknap Marcou. i884. 8°. 184 pp. Price 10 cents. 
8. On Secondary Enlargements of M1ncml Fragments in Certain Rocks, by R. D. Irving and C. 
V:1n Hise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 
II. A Report of work doue iu the Washin~ton Labor'ttory during the fiscal year 1883-'84. F. 
Clarke, chief chemiRt; T. M. Chatarcl, as<iistant. 1884. 8°. 40 pp. Price 5 cents. 
10. On the C'lmbrian Faunas of North America. Prelimina1-y studies, by Charles Doolittle W' I 
1884. 8°. 7i pp. 10 pl. Price 5 cents. 
11. On the Q11ntornal'y :tad Recent Mollnsc·L of 1 he Great Basin; with Descriptions of New Form•, 
R. Ellsworth Call; introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. G~ 
bert. 1884. 8°. U6 pp. 6 pl. Prico 5 crms. 
12 . . A. Crystallographic tucly of tho Tblnolit of Lake Labontan, by Edward S. Dana. 1 B4. 
34 pp. 3 pl. Price 5 cents. 
13. Boundaries of the United ·tates and of tho s v ral tates and Territories, by Henry Gann 
1885. 8°. 135 pp. Price 10 cents. 
14. The Electric:11 au,l Maimetic Properti s of the Iron Carburets, by Carl Barus and Vin 
Strouhal. 1885. 8°. 23 pp. Pri e 15 t;eot . 
15. Ou the Mc ozoic and Ceuozoic Paleontology of California., by Dr. C. A. White. 1885. 
Price 5 cents. 
16. On the higher D ,onian FaUDa of Ontario County, New York, by J.M. Clarke. 
86pp. 3 pl. Price 5 cents. 
17. On the Development ?f Crystallization in the Igneous Rocks of Washoe, by Arnold Hag 
J.P. Iddinas. 188:i. 0 • 44 pp. Price 5 cents. 
1 • On ::M.1t1-ine Eocene, Fre h-water Mioc ne, and other Fossil Mollusca of Western North 
by Dr. C . .A. White. 1 -. so. 26 pp. 3 pl. Price 5 cents. 
19· "'otea on the tratigrnphy of California, by George F. Becker. 1885. s0 • 28 pp. Pric 
ADVERTISEMENT. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille-
brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 
5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White, M. D. 1885. 8°. 25 pp. 5 pl. 
Price 5 cents. 
23. The Junction between the Eastern Sandstone and the Keweenaw Series on Keweenaw Poini, by 
R. D. Irving and T. C. Chamberlin. 1885. So. 124 pp. 17 pl. Price 15 cents. 
24. List of Marine Mollusca, comprising the Quaternary fossils and recent forms from American 
localities between Cape Hatteras and Cape Roque, including the Bermudas, by W. H. Dall. 1885. 8°. 
336 pp. Price 25 cents. 
25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes. 
1885. 8°. 82 pp. Price 10 cents. 
26. Copper Smelting, by Henry M. Howe. 1885; So. 107 pp. Price 10 cents. 
27. Work done in the division of Chemistry and Physics mainly during the fl.seal year 188'-'85, 
1886. 8°. 80 pp. Price 10 cents, 
28. The Gab bros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, Md., 
by George H. Williams. 1886. 8°. 78 pp. Price 10 cents. 
29. On the Fresh-water Invertebrates of the North American Jurassic, by :Or. C. A. White. 1886. 
g;i_ 4~ pp. Price 5 cents. . 
30. Second contribution to the studies on the Cambrian. Faunas of North America, by Charles D. 
Walcott. 1886. 8°. 379 pp. pl. Price 25 cents. 
Numbers 1 to 6 of the Bulletins form Volume I; Numbers 7 to 14, Volume II; Numbers 15 to 23, 
Volume III; and Numbers 24 to 30, Volume rv:. Volume V is not yet complete. · 
The following are in press, viz: 
31. A. systematic review of our present knowledge of Fossil Insects, including Myriapoda and Arach-
nids, by Samuel H. Scudder. 
32. Mineral Springs of the United States, by Albert C. Peale, M. D. 
33. Notes.on the Geoloiry of Northern California., by Jost'ph S. Diller. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 
and other groups, by Dr. Charles A. White. 
35. The Physical Properties of the Iron Carburets, by Carl Barus and Vincent Strouhal. 
R6. The Subsidence of small particles of Insoluble Solid in Liquid, by Carl Barus. 
STATISTICAL PAPERS . 
.l. fourth series of publications, having special reference to the mineral resources of the United 
States, has been undertaken. 
Of that series the following have been published, ~viz: 
Mineral Resources of the United States [1882), by Albert Willia.ms, jr. 1883. so. xvii, 813 pp. Price 
50 cents. · 
Mineral ResourceR of tho United States, 1883 and 1884c, by Albert Williams, jr. 1885. so. xiv, 1,016 
pp. Price 60 cents. 
In preparation : 
Mineral Resources of the United States for calendar year 1885, by Albert Williams, jr. 
Correspondence relating to the publications of the Survey, and all remittances; which must be by 
POSTAL NOTE or MONEY ORDER (not stamps), should be addressed. 
To THE DIRECTOR OF THE 
UNITED STATES GEOLOGICAL SURVEY, 
WASHINGTON, D. c., September 1, 1886. 
WASHINGTON, D. C. 
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LETTER OF TRANSMITTAL. 
CAMBRIDGE, MASS., January 13, 1886. 
Sm: I have the honor to transmit for publication as a bulletin of 
the Survey the inclosed systematic review of our present knowledge of 
fossil insects, including myriapods and arachnids. · 
While much fuller in the modern orders and families, the following 
pages represent the English text furnished to Dr. Zittel for his Hand-
bnch der Palreontologie, where the section forms the closing pages of 
the second part of the first volume (pp. 721-831) and is accompanied by 
more than two hundred illustrations. The present buUetin is issued, 
with the concurrence of Dr. Zittel and the publisher of the Handbuch, 
for the convenience of English readers. A French version, under the 
auspices of M. Barrois, is also in course of simultaneous publication. 
The present is its original form and is the authoritative English edition. 
I am, very truly, yours, 
Hon. J. ·w. POWELL, SAMUEL H. SCUDDER. 
JJirector United States Geological Survey. 
('l) 
SYSTEMATIC REVIEW OF FOSSIL INSECTS. 
MYRIAPODA. 
BIBLIOGRAPHY. 
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zig, 1856. 
Koch, C. L., and Berendt, J. C. Die im Bernstein befindlichen Crustaceen, Myri-
apoden , Amchniden und Apteren der Vorwelt. 17 plates (2 Myriap. ). Fol. Berlin, . 
1854. Contains many addit.ions by Menge. 
Meek, F . B., and Worthen, A. H. Articulated fossils of the coal measures. Geol. 
Survey of Illinois. Vol. III. Figs. Svo. Springfield, 1868. 
Peach, B . N. On some fossil myriapods from the lower old red sandstone of Forfar-
shire. Proc. Roy. Phys. Soc. Edinb. Vol. VII. PL 2: 8vo. Edinburgh, 1882. 
Scudder , S . H. Ou the Carboniferous myriapods preserved in the Sigillarian stumps 
of Nova Scotia. Mem. Bost. Soc. Nat. Hist. Vol. II. Figs. 4to. Boston, 1873. 
-- Archipolypoda, a subordinal type of spined myriapods from the Carboniferous 
formation. Ibid. Vol. III. Pl. 10-13. 4to. Boston, 1882. 
-- The affinities of Palreocampa: American Journ. Science. [3.] Vol. XXIV. 
8vo. New Haven, 1882. 
-- Two new and diverse types of Carboniferous myriapods. Mero. Bost. Soc. 
Nat. Hist. Vol. III. Pl. 26-27. 4to. Boston, 1884. 
Woodward, H. On Euphoberia Brownii. Geol. Mag. Vol. VIII. Pl. 3. Svo. Lon-
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CHARACTERISTICS AND PHYLOGENY. 
Myriapoda are vermiform articulates in which the head proper is com-
po ed of a single mass (sometimes supplemented by subsidiary parts 
borrowed from the segments immediately succeeding the head), while 
the rest of the body is composed of a series, generally of a long series, of 
,ery similar rings, each bearing one or two pairs of jointed legs, termi-
nating in a claw, with rare exceptions single. No thorax is differentiated. 
The head is furnished with short and generally very simple antennre, 
agglomerated ocelli, · aud two pairs of movable organ& forming the 
mouth. In one group (Ohilopoda) two pairs of appendages ou succeed 
(9) 
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ing rings become subservient to inanducation. Respiration is effect~ 
through spiracles Oil the body segments.1 The body is usually hall] 
and chitinous. 
Our knowledge of the morphology, systematic position, and extent of 
the Myriapoda has been greatly increased within a recent period. The 
discovery of the minute Pauropus by Lubbock and the study of this 
and allied forms by Ryder and others have led to the establishment 
of the Pauropoda as a type of living myriapods of equal · taxonomic 
value with the two groups Chilopoda and Diplopoda, which had long 
been looked upon as the only divisions of the group. Modern investiga. 
tions into the structure of the anomalous Peripatus have extended our 
ideas concerning the types allied to the Myriapoda ; w hi1e the strange 
forms revealed by recent researches in the Carboniferous and Devonian 
faunas have compelled us to recognize a wider range in its structure 
and a multiplication of its primary groups. The relations of ancient 
to modern forms of life prove far more important and interesting in 
the Myriapoda than in either the Arachnida or the Hexapoda. That 
these relations are equally puzzling will appear from a brief review of 
the structure and development of the different groups. 
In the early life of the Pauropoda and of the Diplopoda we ba,e 
what may be fairly considered a true larval .form, in which, for a brief 
period after leaving the egg, the body, much shorter than in after-life, 
is provided with three pairs of legs borne upon t,he anterior segments 
of the body. These segments are never more fully provided with leg , 
though most of the segments posterior to them, both those which exist 
during this larval perio'd and those which originate subsequently, bear 
each two pairs. In the Cbilopoda, on t,he other hand, although the ap-
pendages of the anterior segments develop earlier than those behind 
them, there is no true larval condition, or perhaps one may say a larral 
condition is permanent, in that the same anterior legs become early and 
permanently developed as organs subsidiary to manducation, while each 
segment of the hinder part of tlle body develops only a single pair of 
legs. 
The larval condition and resultant more or less highly develope<l met-
amorphosis of the higher Hexapoda have been looked upon by many 
as secondary after-developments, which therefore in 110 sense give any 
clew to the historical development of the group, such as we frequently 
find mirrored in the embryonic growth of other animals. Thi new 
seems to be supported by a compari •on of the modern and ancient 
types of Myriapoda. The larval characteristics of the young of lirin l1' 
types of Myriapoda, marvelously analogous in their main feature~ 
to those of the larvre of even the higher Hexapoda, are connned ro 
the apodal nature of the abbreviated abdomen, and more particularly 
to the ·pecialized development of appendage on the segment directlr 
1 Trachoal op ning have not been observed, however, in the Panropoda. 
(10} 
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following the head. This specialized condition of the anterior 8egmeuts 
i in a sense, analogous to the structure of the thorax of the Hexapoda, 
a~d is persistent throughout life: in the Chilopoda in a marked m~n-
ner in the other groups by the isolation of these segments as bearmg 
each but a single pair of l~gs. Now, nothing of this specialization ap-
pears in the Paleozoic types, of which of course we know only the ma-
ture forms; but the segments following the head differ in no point 
whatffrer from those of the remainder of the body in the character and 
number of their appendages. In one type, the .Ar~hipolypoda, corre-
ponding in a mea,sure to the living type of Diplopoda, two pairs of legs 
are borne on every segment; whi1e on each segment of the other, the 
Protosyngnatha, corresponding in a similar way to the Chilopoda, a 
single pair of legs is found. If, then, we look upon the specialization 
of the segments (or the appendages of the segments) immediately fol-
lowing the head in living myriapodan types as a secondary develop-
ment. or, we may say, as the initiatory stage in an acquiring meta-
morphosis, then we may perhaps consider the Archipolypoda as the 
crue prototypes of the Diplopoda and possibly also of tbe _Pauropoda, 
and the Protosyngnatha as the prototypes of the Chilopoda. 
In this view, one principal distinction between the modern Diplopoda 
and Ohilopoda is shown to have existed from Paleozoic times, viz, that · 
in 0ne group there arr., over most of the body, to each dorsal scute two 
ventral scutes, each bearing a pair of ,egs; in the other group a single 
ventral scute with a single pair of legs; and it becomes interesting to 
inquire whether we can discover any indication of the condition of things 
from which t.his diversity of structure arose and what was the Jine of 
development through which it passed. It will also help to determine 
the question whether the dorsal or the ventral scutes of the Diplopoda 
are to be looked upon as the homologues of those of the Chilopoda; or, 
in other words, whether the dorsal scutes of tbe Diplopoda are compound 
or the ventral scutes of the ;same are to be looked upon as subsegments. 
It should be remarked at the outset that what we know of the em-
bryology of recent types shows that in the Diplopoda two pairs of legst 
in the Chilopoda one pair, arise from each original body .somite be-
yond the front portion of the body. This would indicate that the dor-
al scutes of the two groups are homologous and that the ventral scutes. 
of the Diplopoda should be looked upon as representing subsegments. 
This, however, is not the answer indicated by the paleontological evi-
dence, nor is it what we should expect, among other things, from the 
presence of stigmata on eacb of tbe ventral scutes in Diplopoda.1 AU. 
the Carboniferous Archipolypoda show a clear indication of the com-
pound nature of the segments. Not only were the ventral 3cut.es far 
more important and extensive than in the modern Diplopoda, but some 
at least of the genera, in addition to large stigmata outside the legs,. 
1 They are only borne in gonoral on alternate segments in Chilopoda. 
(11', 
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bore a . pair of segmental organs · next tlie medioventral line on eat\ 
ventral scute; t,he dorsal scute was also distinctly divided intoti, 
areas, an anterior and a posterior. In some types this latter distini 
tion was more marked than in others in some being carried so far t~il 
. ' 
under certain conditions of preservation one would readily take them 
to be entirely separate• and this indeed appears to be absolutely tni 
' ' case in the older Devonian forms, from the lower old red sandstone & 
Scotland. These show an apparently complet~ demarkation of the dor-
sal as well as of the ventral scutes of each segment, and present there. 
fore a series of alternating larger and smaller segments, the larger 
bearing all the dorsal cuticular outgrowths, but each bearing a singl1 
pair of legs. Of this primal condition· of ·the body segments the em• 
bryo]ogy of modern types gives no hint, its earliest indications sholl'• 
ing nothing anterior to what mustli have been the condition of thingi 
wholly posterior to the Paleozoic epoch, at least so far as the diplopodan 
series is concerned; nothing anterior, indeed, to the :fixed condition of 
the present type. This indicates that the present dorsal scutes of 
Diplopoda are compound and formed of two originally distinct scutes; 
and that, as· a later de,7 elopment of a similar sort, the ventral scutes of 
the anterior segments have likewise consolidated and lost each one pair 
,of appendages. 
Under this view the line which we follow back from the Chilopoda 
through the Protosyngnatha is the more nearl,.r allied to the simple stock 
type. Yet it is the other line which has been found earliest in the rocks, 
clearly showing that the actual origin of the myriapodan phylum must 
be looked for at the very first appearance of land animals ; indeed, the 
evidence that some of the Carboniferous types were amphibious may 
warrant our belief that ,the type may have fairly originated among 
aquatic animal~. 
Fossil Myriapoda were first made known from the Carboniferous rocks 
when Westwood figured, in Brodie's work on the older fossil insects of 
England, the remains of what he supposed to be a lepidopterous lar,a. 
There had been iudeed earlier references, b,v name merely, to Tertiary 
Myriapoda from amber and from Aix (by Serres), but it was not until the 
publications, thirty years ago, of Koch, Berendt, and Menge that the 
am her species were known, and to them hardly any additious have since 
·been made. In 1859 Sir William Dawson published the :fir t account 
-0f a Paleozoic wyriapot.l recognized a ucb, and ince 1868.our horizon. 
as regards the older form , ha been widened materially by the publi-
cation of Me ' rs. Dohrn, Meek and Worthen, Peach, Scudder, and 
Woodward, until to-day the number of form known from Pretertiary 
deposits i nearly as gr at a that from th Tertiary. 
Tue olde,t known ar tho e de ·cribed by Page and by Peach from th 
lo,n•r oicl red Haudstou , of cotland two peci belonging to the A.rcbi ' . pol:rvoda. In 1 b arboniferou formatiou the Archipolyp da ·nlm1 
uate, ·1.Jo"·iug a co11 i<lerab1 ari t~· of gen ric typ di tinct fr m tho 
F 
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of the Devonian and emlmwiug uearly thirty species, of which by fa1 
the greater number come from America, and the few remaining ones 
from GreatBritain, with possibly a single species from Germany. Four 
"pecies, imperfectly known, which have been referred to Julus and 
which come from the Permian of Central Europe, may belong to the 
A.rchipolypoda.- The only Mesozoic forms known are Julopsis cretacea 
of Heer, from Greenland, which is either an archipolypod or a diplopo<l 
'it is impossible to tell which), and t-he uncertain GeophUus proa,1,1us of 
lliinster, fr:om Solenhofen, whicl:i is probably t0 be looked upon as a 
nereid worm. 
The Tertiary species are still known almost entil'ely from tlrn wol'k 
of Koch and Berendt and belong entirely to the Diplopoda and the Cbi-
lopoda, the larger proportion . to the former. A few spe-cies, howeYer,. 
have been indicated from Aix, a single· one described from the brown 
coal of Rott and one from the Green River deposits of North America. 
The following table presents a view of the distribution of the Myri-
apoda in time: 
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Protosyngnatha . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o 
Chilopoda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (U) . . . . . . 17 . . . . . . . . . . . . .... . 
.irchipolypoda...... . . . . . . . . . . 2 31 (41) ............................. . ........... . 0 
Diplopoda. .... . .. ........ .. . .. . ... .. ...... . ... .. ...... ...... (11) ..... . 2s I 1 ........... . 
Panropoda ..... .......... '. ........... .. .......... ····:·I·-···· ... . . .... . ·····1······ ........... . 
1 The figures represent the number of species-. 
1. Order PROTOSYNGNATHA Scudder. 
Paleozoic myriapods, with a cylindrical, not very elongated body, 
composed of few segments, the head apprndag(~s borne upon a singlfi 
apparent seg·ment; each body segment, including thoEie immediately 
behind the head, composed of a single dorsal and a single ,entral plate 
of equal length and of subequal breadth; each segment has a pair of 
widely-separatrd, stout, fleshy legs; and, above, large tubercles sup-
porting a cluster of long needles are arranged in longitudinal rows. 
Thi' group of ancient myriapods is known through a single form 
found paringly in a single locality in America. It was at first looked 
upon a the caterpillar of a lepidopterous insect (as was also the case 
with the longest known arch1polypod) an<l afterward as a, worm. Its 
a.rmature seems even strangeF for a m:yriapod than the spines of the-
(13} 
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Archipolypoda, and the intimate structure of the single needles isre. 
markably complicated. 
Palmocampa Meek and Worthen. · Body composed of ten s~gments: 
spreading fascicles of needle-like spines arranged in dorsolateral and 
lateral rows, one to a segment in each row; needles exceedingly slender! 
scarcely tapering, blunt at tip, and very regularly divided by longitnd. 
inal serrated ridges. The spines are only a tenth of a millimeter in 
diameter; those on the front segments are directed forward and thosi 
on the last segments backward, giving specimem; which are well pre• 
served a very close general resemblance to a caterpillar of the genus 
Arctia. Palmocampa anthrax Meek and Worthen, Mazon Creek, IlL 
2. · Order CHILOPODA Latreille. 
Body elongated, more or less depressed, of nearly uniform width, 
eomposed of many segments, the head appendages borne upon two or 
more apparent segments, the anterior feet being transformed int-0 
organs subsidiary to manducation ; each body segment composed of 
a single large dorsal and almost equally large ventral plate connected 
by n:iembranous cuticle, to which are attached a single pair of legs on 
each segment and a spiracle generally on alternate segments. The legs 
are, therefore, lateral and widely separated at base. No spines are 
present, but sometimes lateral expansions of. the dorsal plate. Sexual 
organs at posterior extremity of body. 
With the ~xception of the dubious Geophilus proavus Munster, from 
the Jura of Solenhofen, which is probably not a myriapod at aIJ, the 
earliest appearance of this type of existing myriapods is in the amber 
deposits of Prussia, where a considerable number of species have been 
found, nearly equaling, indeed, the Diplopoda of the same deposits, al-
though, at the present day, the latter group far outnumbers them. J. 
few specimens referred to Scolopendra have been reported from other 
Tertiary beds in Europe. 
Oermatiirlm.-Two species of Oermatia occur in amber. 
Lithobiidm.-A considerable number of species, all referred to Li tho· 
bius, have bren found in amber. Koch and Berendt describe anrl figure 
three species, to wbicb Menge adds seven others very briefly de cribed 
in notes to Berendt's work. Tbe genu i~, t,herefore, the ricbe t in 
·pecies among Tertiary rnyriapods. 
8oolopendridm.-Menge de cribes a sin(Tle specie of Scolopendra from 
amber and mentions a second. Sendel al o figure one from amber. 
and it iH r ferre<l to by sub eguent author . ccordino- to K ferteiv 
1clrovandu. ru ntion, th di cornry of a fo ii coJop odra near Glarn~, 
witzerland, antl Hope mention on a found at ix. 
Geophilidce.--Tbr pecie of Geophilu ar lJri fl~ de ri 1 by 
1 ng<' from amb r bnt non of th ba, been :fiO"ur d. Geop il 
( 14) 
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proavus Munster, from · the Jura of Rolenbofen, is, as stated abo:e, d~-
bious, but, if it belongs to the myriapods, it will probably fall m this 
place. 
3. Order ARCHIPOL YPODA Scudder. 
Paleozoic myriapods, with a fusiform elongated body, largest at the 
middle of the anterior half or third, composed of many segments; the 
head appendages borne upon a single apparent segment; the body seg-
ments, including those immediately behind the bead, composed of a 
pair of ventral plates and a more or less divided dorsal plate, the latter 
occupying the upper surface and most of the sides of the body and 
divided more or less conspicuously into a ridged anterior and a lower 
posterior portion, the anterior frequently bearing spines or tubercles; 
the ventral plates as broad as the body, each bearing a pair of long 
corneous legs approximated at base and furnished outside of them with 
large spiracles, the mouth of which lies transverse to the body. 
This is the most important group of ancient myriapods, having been 
well represented in t,he Paleozoic rocks, though unknown later. In-
deed, with a single exception, all the known Paleozoic myriapods be-
longed to this type, and several families are known, of which one 
belonged exclusively to the Devonian. The Carboniferous Archipoly-
poda appear to have been far more numerous in the New than in the 
Old World. . 
1. Family Archidesmidre Peach. 
Dorsal plates hardly consolidated, the two port.ions appearing as if 
forming completely distinct_parts, but the anterior marked by its greater 
importance and development, Body supplied with more or less marked 
laterally expanding lamellre on the anterior division of the segments. 
This group of ancient myriapods is confined, as far as known, to the 
Devonian formations of Scotland. 
Kampecaris Page. Body cylindrical or slightly depressed, tapering 
but little anteriorly; lateral lamellre inconspicuous, the anterior sub-
segments not greatly larger than the posterior. Kampecaris Forfarensis 
Page, from the lower old red sandstone of Forfarshire, ~ cotland. This 
species was taken by Page for an isopod crustacean, but referred to its 
true position by Peach. 
Archidesm,us Peach. Body fusiform, depressed, the anterior subseg-
ment much larger than the posterior, its pleural walls produced laterally 
into large rounded lamellre. Archidesmus JJfacnicoli Peach from the 
. ' . 
same locality as the preceding. 
2. Family Eupho beridre Scudder. 
Dorsal plates more or less closely consolidated, but distinctly separa-
hle into two portions, one much more elevated than the other. Body 
(15) 
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armed with large spines, often · forked, occasionally reduced to broal 
tubercles, extending in several longitudinal series. 
This family of Carboniferous Myriapoda includes the g.igantic bristling 
species, -some of which, at least, ~ere amphibious, being provided with 
segmental organs; which were apparently bran chi al in character, beside" 
ordinary spiracles, and with lamellate legs adapted for either aquatic or 
terrestrial locomotion. They appear to have been far more abundant in 
the New World than in the Old, and in the latter are little or not at all 
known outside of Great Britain. 
Acantherpestes Meek and Worth. Spines bifurcate at tip and ar-
ranged in dorsal, pleurodorsal, and lateral rows; segments _three or 
more than three times as broad as long. Acantherpestes major Meek and 
Worth., Mazon Creek. This species attained the extraordinary length 
of three decimeters and was armed with coarse brauching spines more 
than a centimeter long. It was on this species that the problematical 
segmental organs were found, consisting of a pair of subtriangular, 
rounded, approximated, infundibuliform openings on either side of the 
median line between the legs and much smaller than the linear stigmata. 
A.. Brodiei Scudd., Coalbrookdale, Eng. This species was considered at 
first by Westwood as the caterpillar of one of the Saturnidre, a family 
of Lepidoptera; afterwards, by Wood ward, as one of the Merostomata. 
Perhaps Ohonionotus lithanthracis Jordan, from Saarbriick, belongs here· 
Euphoberia Meek and Worth. Spines spinuliferous, but with a single-
pointed tip, arranged in subdorsal and lateral rows; segments gener• 
ally from two to three times broader than long. About a dozen specie 
are known, mostly from Mazon Creek, Ill. Two species occur in Eng-
land. 
Amynilispes Scudd. Spines simple, arranged in dorsolateral row ; 
segments four times as broad as long. Amynilispes Wortheni Scudd.: 
from Mazon Creek. 
Eileticus Scudd. No spines, but large low tubercles, serially ar-
ranged; segments few, less than twice as broad as long. Eiletiaus an-
thracinits Scudd., from Mazon Creek. 
3. Family Archiulidre Scudder. 
Dorsal plates closely con olidated, but till di tinctl.r eparah1e. 
though the anterior is rarely elevated much above the other. Body al-
1~ost smooth or covered more or le abundantly with , erially-di P ~ 
papillre, from which in some ca e hairs or mall pine ari . 
Them mb rs of this famil r . f'mble modern Diplopoda in theirg 
eral app arance much more c1o, el:v than i her of the precedin (T fami-
lie.. The indication of pine or·, pinou hair upon the ide f h 
body, th fu, iform, hape of the body th 1 no-th of the l (7 and h 
. ' mdication in om of them of great br adtb to th ,entral plat -
pr ent o many point of affini y to cont mporan ou form that h Y 
(16) 
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houl<l be classed with the Archipolypoda. They are, however, still 
insufficientJv known. Mostly occurring in America,, they have also been. 
found in Gr~at Britain and on the continent of Europe. 
A.rchiulus Scudd. Segments entire, of' very variable size, but gen-
erally from two to three times broader than long, furnished witll a few 
bristle-bearing papilhe. Four or five species are known to me from dif-
ferent parts of America, three coming from the sigillarian stumps of 
Kova Scotia. Julus Brassi Dohrn, from Lehbach, probably belongs 
here (or in the next genus), and perhaps also the three species of Julus 
named by Frie, from the Dyas of Bohemia. (Palmojulus dyadicus Gein., 
from the Dyas of Saxony, has been shown by Sterzel to l>e a fern, and 
Tricbiulus, described by Scudder, from the American Carboniferous, 
also turns out to be a fern leaf.) 
Xylobius Daws. Segments as in the preceding genus, but broken by 
longitudinal sutures into numerous quadrate frustra. Four species are 
known from the sigillarian stumps of Nova Scotia, besides two species 
{unpublished) from Mazon Creek and one from England. 
4. Order DIPLOPODA Gervais. 
Body elongated, usually cylindrical, of nearly uniform size, the head 
appendages borne upon a single apparent segment; each body seg-
ment composed of a single dorsal plate of great size, shorter below than 
above, corresponding to which there are two minute, narrow (rarely 
moderately broad) ventral plates, each bearing a pair of spiracles and 
oflegs, excepting on the anterior segments. where there is only a single 
pair of legs to each dorsal ~egment; the legs are therefore inferior and 
approximate at base. No spines, but occasionally roughnesses and 
ridges or setre on dorsal plates. Sexual organs situated anteriorly. 
This family, by far the most abundant at the present day, was r:cher 
than the Chilopoda during Tertiary times, both in genera and species. 
Its earliest record is in the Cretaceous, a species :figured by Heer, from 
Greenland, probably belonging here rather than in the Archipolypoda. 
)lost of the Tertiary species are known only from amber. 
Glomeridm.-Glomer·is ·aenticulata Menge, from amber, is the only 
species known and is very briefly described. 
Polydesmidre.-Menge merely mentions the occurrence of two species 
of Polydesmus in amber. 
Lysiopeltidre.- Jf this interesting family, Menge describes from amber 
ix species of Craspedosoma, besides one :figured by Koch and Berendt, 
and a distinct genus, Euzonus, with one species, E. colluluni, also from. 
amber, in which the body tapers considerably toward the head and at 
the tail; the antennre are twice as long as the breadth of the head, with 
the first and eventh joiuts smallest and the third and fifth largest, the 
eyes consisting of twenty ocelli, set in a semicircle behind the antennre. 
Bull. 31-2 (17) 
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Julidm.-Koch and Berendt describe a singJe species of Julus from 
amber; Menge, in his notes to their work, describes briefly three 
others; Gravenhorst and others mention also the occurrence of a species 
of this genus in amber, and sheral species have also been found in Ter, 
tiary rocks. Thus Cotta refers to the living Ji1,lus terre.ytris a form 
found at Tharand, Saxony, concerniug which it is questionable whether 
it be a fossil. Serres compares to the living J1.llus sabulosus a species 
found in the lacustrine limestones in the neighborhood of Montpellier. 
Hope mentions J ulus as found in the marls of Aix, without further 
reference. But besides these, one species, (J. antiquus Heyden) has been 
described from the brown coal of Rott, and another (J. telluster Scudd.). 
from the Green River shales of Wyoming. Menge also briefl;r de-
scribes a species of Blaniulus from amber, and probably the Julops's 
cretacea of Heer, from the Cretaceous deposits of Greenland, is to be 
referred to this family. 
Polyxenidm.-Polyxenus is represented by five species in amber, of 
which Koch and_ Berendt describe and figure two and the others are 
briefly characterized by Menge. Besides these, Menge describes an 
amber genus, Lophonotus,1 in which the sixth antenna! joint is the 
largest, the terminal joint very short and cyJindri cal, furnished abo,e 
with four little teeth. A single species is known, Phryssonotus llystrix 
Menge sp. 
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CHARACTERISTICS AND GEOLOGICAL HISTORY. 
The Arachnida are articulated animals in which the body is, as a rule; 
1frvided into two great masses, a cephalothorax and an abdomen. The 
cephalothorax is furnished with four pairs of articulated (normally, 
·even-jointed) legs, and in advance of them (1) a pair of jointed append-
ages or pal pi which in some · bear chelre or other modified structures 
at the extremity and generally are looked upon as the homologues of 
ome part of t he jaws of insects; and (2) a pa,ir of two-jointe<;I mandibles 
or cheliceres, sometimes developed as a sucking organ, and considered 
(19) 
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by many as equivalent to the otherwise absent antennre of true insect 
The eyes are always simple and situat8d on the summit of tbe front IMY. 
tion of the cephalothorax. The abdomen is in some cases of a softer rn. 
tegument than the cep,ha.Iothorax, in which its annulated cbaracten 
disguised. It bears no legs, but sometimes has special jointed appena. 
ages either at the base, as in scorpions, or at the extremity, as in spidel'i. 
With slight exceptions arachnids undergo no metamorphosis after ]ear. 
ing the egg, the repeated sloughings of the integument being unace-0m. 
panied by structural changes. 
The geological history of Arachnida, as known at the present time 
presents some points f interest. Only a portion of the great group-
into which the order is divisible are represented in the older rocks ana 
these, which are not confined to the lower types, attain a degree of per 
fection and a diversity of structure inconsistent with a belief iu our bar-
ing reached the primordial forms of this phylum in our retrograde 
search. · 
When, in 1858, Bronn published his prize essay on the distribution of 
fossils, only two species of Pretertiary Arachnida were known as suchi 
one from the Carboniferous and one from the Jurassic formation, and 
the knowledge of Tertiary forms was confined entirely to the then re-
cently published work of Koch and Berendt on the species from amber, 
Since then Menge has increased somewhat our knowledge of the amber 
fauna, and it includes to-day nine-tenths or more of the know!l Tertiary 
species. But it is only within the last fifteen years that our knowledge 
of Pretertiary Arachnida bas been extended beyond the description of 
two or three species. The number is still exceedingly few - between :?O 
and 30 species-but it is being constantly extended, and the abundance 
of Arthropoda brought to light in recent years in the Carboniferou de-
posits of Allier, Bouemia, Scotland, and Illinois, leads us to expect an 
early 3ind considerable extension of the list. This expectation i~ 
strengthened by Lindstrom's, Hunter's, and Whitfield's discoverie of 
scorpions in the Upper Silurian rocks of Gotland, Scotland, and Se 
York. 
The forms that have been found fossil in the earlier formation~ 
prove, as might be expectetl, to belong mostly to those having a den .. 
integument, and in the two species believed to be true Aranere the ab-
domen was probably provided with more or less densely chitinou d r· 
, al plates. With these two exceptious and a single genu' of PedipaJ(. 
all the Paleozoic Arachnida (only a ingle Mesozoic form i known) be-
long either to the Scorpiones or to a peculiar group, the Antbra 
marti. This group i not found later, and the iogle known ,peei 
of Me '0zoic Araehuitla 1 i a true Aranea.. The paucity of remain 
Arachnida in le, ozoie ._'trata i om wllat r markable. Be ide~ .. 
1 PaJpipf': or Phalanrri 
f;hown b;r , eobach to he n. stomatopodous crn tac au. 
(20) 
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specie mentioned above, only one other has been indicated, a species 
nppo ed to belong to the Aranere, from the English Lias. 
Than ks to the amber deposits of Prussia, we know far mote about the 
Tertiar,y history of Arachnid~ than would be possible if our sole reliance 
were on the rocks, the latter furnishing us with only about double the 
number of those occurring in Pretertiary deposits. In the amber alone 
occur all the suborders of Araclrnida (excepting the Pedipalpi and the 
already extinct Anthracomarti), as well as all the families of Aranere, 
excepting one peculiar to the Jura; but in the Tertiary rocks neither 
Cbelonethi, Scorpiones, nor Opiliones has been recognized ; of the Pe-
dipalpi, a• single species is referred to by Serres from the marls of Aix, 
but too obscurely to take account of it. 
Examinilig the Aranere alone, which are far better represented in the 
Tertiaries than.are the other .suborders, we find a very large number of 
extinct genera. In all, 71 are now . known, 66 from Europe and· 13 
fro:n America, 8 being common to both. · Of these 37 are accounted 
extinct (35 from Europe and 2 from America), and none of these have 
been found on both continents. 
In the stratified Tertiary deposits the same families of Aranere are 
in enry instance founq. in both Europe and America, excepting the 
Dysderides, which family bas a single representative in America apd 
none in Europe. It also appears that just those families which are 
represented abundantly in :;imber a re also found to some extent in the 
American 'fertiary fauna and ( excepting, as before, the Dysderides) in 
the E uropean rocks. 
It is only in the rocks of the temperate regions of Europe and North 
America that any Arachnida have been found in a fossil state, and 
these, so far as the indications have any meaning, invariably point, 
whether in Carboniferous or in Tertiary deposits, to a warrner climate 
than now obtains in the localities where they occur. This becomes 
more marked when we reach the Tertiary rocks and can compare the 
types more r 1 osely with existing forms, a number of the genera to 
which, for instance, the amber spiders belong being now exclusively 
tropical. 
The following table gives a general systematic view of the distribu-
tion of Arachnida in the different geological formations since their first 
appea ra nce in the Upper Silurian. 
(21) 
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Geological distribu,tion of Arachnida. 1 
Paleozoic. Mesozoic. Cenozoic. 
Citigratlm ......•• ~ •.••..••...•...•...•. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Laterigradm . .. . ....••.•••.•.•••....••.• . ....... . . .. ......... . ......... ~.. 22 3 4 
Territelarire ...................... ,. ...••.... . . ·.. . 2 . ... .•.. .... . ... .... 1 · ... . . ... --· -i- -- · 
~:!::~~::.::::::::::::::::::::::::::::.- :::: :::. :::: :::: :::t :: .. ~. :::: :: I : 31-·--i-- .. 
o b't 1 . 
1 
17 12 : .-.-.·.·,c:.· r 1 e anre .. ...................................... ..... . ....... . .... . ... . 
1 The figures reproaent the number of species. 
1. Order A CARI Leach. 
Body compact, robust, the cepbalothorax and unsegmented abdomen 
being united in one mass. Mouth-parts usually produced into the form 
of a rostrum . 
.All the principal families are represented in the Tertiaries, our knowl• 
edge of them coming mainly from amber. With a single exception, 
they have all been referred to existing genera. None have been re· 
ported from older rocks. 
Sarcoptidre.-.A. species of A.carus bas been found in amber and one 
is referred to by Heer as occurring at Oeningen. 
Oribatidw.-A species of Ori bates and four of N othrus occur in am· 
ber. 
Ixodidre.-A single species of tick found in the Green River bed ~ of 
Wyoming is probably to be referred to this group. 
Gamasidw.-One species of' Sejus is figured by Koch and Berend 
from amber. 
Hydracllnidw.-Heyden figures a species of Limnocharec• from th 
brown coal of Rott. 
Bdellidre.-As we reach the higher Acari their fo i1 repre entati're 
become more numerous. Four pecies of Bdella and one of beyl ~a 
have been found in amber. 
Trombididw.-Thi family of .A.cari i by far the be t repre n• I · 
fo il state, more than twice as mauy pecie ha,ing been reco-, -Il 
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from amber as all the other families together have furnished, but none 
barn been found in the stratified rocks. Five species of Trombidium, 
eight of Rhyncholophus, three of Actineda, four of Erythreus, two of 
Tetranychus, and one of Penthaleus have been described and in part 
figu red by Menge and Koch, besides one of the only genus not now 
living, Arytrena Menge, having the a_spect of a Trogulus. 
2. Order CHELONETHI Thorell (Pseudoscorpiones Latreille). 
Body strongly depressed, the sides of the body showing no division 
lletween cephalothorax and abdomen, the latter composed of ten or 
eleven segments. Palpi long and stoutly chelate. 
Hope catalogues a species of Chelifer from the Tertiary deposits of 
A:ix, but the onl~, forms which have been described are those from am-
ber, which have been carefully studied by Menge and figured in his 
paper on 0hernetidre. He finds fl ve species of Chelifer and one each 
of Chernes, Cheiridium, and Chthonius, all of the genera still existing. 
Some of the species, howe,er, differ so much from living forms that 
Menge previously endeavored to ~stablish two distinct genera for 
them. A species of Carboniferous arachnid, long supposed to belong 
in this group, has recently been shown by Fritsch to be an immature 
~nd imperfect scorpion. (See, also, page 95.) 
3. Order ANTHRACOMARTI Karsch. 
Body somewhat depressed, the cephalothorax and abdomen distinctly 
eparable. Cephalothorax usually made up in large part of more or 
les wedge-shaped pedigerous segments, the arrangement of which 
corresponds to that of the coxre. Abdomen forming a single mass 
and composed of from four to _nine distinct joints. Palpi not mud1 
longer than the legs and simply terminated. 
This group, the only extinct order of Arachnida, was establisb~d by 
Karsch for some interesting Carboniferous forms of somewhat obscure 
relations allied to the Pbrynidre and Phalangidrn, but very distinct from 
either of them. Their position seems to be between the Chelonethi 
and the Pedipalpi, to the latter of which the;y bear perha,ps the closest 
relations. The Anthracomarti were the most varied in structure and, 
with the possible exception of the scorpions, the most abundant in 
·pecies of the Carboniferous Arachnida, and being unknown after that 
period they may be considered the most characteristic of Paleozoic 
Arachnida. The forms hitherto known may be grouped in four fa.mi-
1ies. 
1. Family Arthrolycosidre Harger. 
Cephalothorax orbicular. Coxre radiating from a central pit. Abdo-
.men oval, narrower at base than the cephalothorax, with no longitud-
(23) 
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inal sculpturing, and smooth. Segments seven in number, undoubte<l:r 
all visible below. No abdominal appendages. 
A rthrolycosa Harg. Oephalothorax twice as large as the abdomen, 
Founded upon .A. ant-iqu.a Harger, from the Carboniferous iron-stone 
nodules of l\~azon Creek, IlJ. 
Rakmmicia Kust. Oephalothorax smaller than the abdomen. R.an, 
tiqita Kusta from tile coal measures of Bohemist. 
2. Family Poliocheridre Scudder. 
Cephalotl10rax quadrate, not much smaller than the abdomen. Ooxm 
radiatmg apparently from a median line. Abdomen rounded, of equal 
breadth with the cephalothorax, composed of only four segments, of 
which the basal is very short and the others of equal length. No ab• 
dominal a,ppendages. 
Poliochera Scudd. .Jne species, P. punctulata Scudder, from Mazon 
Creek, Ill. 
3. Family Architarboidre Karsch. 
Cephalothorax variable iu form, at least half as large as the abdo-
men; coxoo radiating from a central pit, a median line, or from a broad 
triangular space, its base on the abdominal margin. .Abdomen orbicu-
lar or oval, broad at base, with a lateral ri<lge on each side converging 
toward the anus; the surface moderately smooth; segments seven to 
nine in number, visible below, though the basal ones often extremely 
shortened in the middle. No abdominal appendages. 
Geraphrynus Scudd. Cephalothorax fusiform, angula.te in front, 
nearly as large as the abdomen; the coxm radiating from a median line. 
Sides of the body scarcely showing any constriction between tbe ce· 
phalothorax and the abdomen. .Abdomen subfusiform, composed of 
nine segments, with a large basal, triangular, post-thoracic plate cro~d-
ing the middle of the shorter basal segments out of place on the do. aJ 
surface. G. carbonarius Scudd., from the Carboniferous nodules of ]la-
zoil Creek, Ill. 
Architarbus Scudd. Cephalothorax orbicular, broadly rounded in 
front, much smaller than the abdomen; the coxoo radiating from a central 
pit. Sides of the body scarcely showing any constriction between tbE 
cephalothorax and the abdomen; the latter o,al, composed of nine eu-
ments, of which those on the basal half are very much ,borter than tlit: 
others. A. subovalis Woodw., from the Coal Mea ure.s of Lanca bin·. 
Eng., has the piece exposed between the po terior coxre more than twic 
as broad as long. (Probably Ourculioides Ansticii Buckl. belong· here. 
In A. rotundatus Scudd., from Mazon Creek, 111., tbi piece i trianCTaJ~r. 
of equal length and breadth, the po t-thoracic plate large greatly <h · 
torting the ba "al egm nt of the abdomen. Roemer mention a tbi 
pecie (A. silesiacus), from th Carboniferou depo it of Glatz. 
(24) 
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Antltracomartus Karsch. Cephalothorax quadrate, the front square,-
or scarcely conYex, about half the size of_ the abdomen; the coxre later-
ally affixed, radiating from a broad triangular sternal plat~, the ~a _e of 
which forms the posterior margin. Sides of the body showmg a d1stmct 
though slight constriction between t,he cephalothorax an~ the ab<l.o~en 
by the more convex sides of the latter. Abdomen orbicular, a htt1e 
longer than broad, composed of seven segments of similar len~th. F?ur 
European species are known, from the Carboniferous deposit of Sile-
sia anct Bohemia, and two American, from those of Illiuoi . (Probably 
Termes Hageni Gold. (Palreontogr., Band IV., Pl. 6., Fig. 8) and Libellula 
carbonaria Scudd. (Proc. Amer. Assoc., Vol. XXIV, B. 110, Fig.1), both 
represented by imperfect bodies only, belong in this neigllborhood.) 
4. Family . Eophrynoidre Karsch. 
Cephalothorax quadrate or triangular, less than one-third the size 
of the abdomen, broken dorsally into many distinct plates. Coxre ra-
diating from a sunken median furrow. Abdomen ovate or orbicular, 
mueh broader than the cephalothorax, and separated from it by a di -
tinct lateral corn,triction, composed of nine or ten segments, of which 
foe penultimate and antepenultimate bear lateral terminal spines. 
Kreiseheria Gein. Cephalothorax subquaclrate, uarrowiug strongly 
in front, the dorsal surface with three large median plates, one in fron 
and two behind, and on each sid·e three smaller lateral plates. DorRnm 
of abdomen broken by oblique sutures into a median and a lateral field .. 
Kreischeria Weidei Gein., from the Coal Measures of Zs;vickau, Sax-
on~', i1-1 a giga.utic species, and the largest known fossil arachnid, ex-
cepting· some scorpions. 
J)ophryn.u.s Woodw. CepL.alothorax triangular, poiuted in front, 
its rlorsal surface tumid, completely broken into gl'eat tubercu1ate· 
bosses arranged in a lateral row down either side and a mNlian row 
separating into two at the posterior margin. Dorsal surface of abdo-
men tuberculate, with two lateral rows of large rouuded tubercles and 
a median row of large stellate tubercles. The genus was founde<l on E-
Prestvicii, from the iron.stone nodules of the Coalbrookdale and Dud-
leyUoal Measures in Englanu .. This species was formerly taken by Buck-
land for a beetle, and was figured by him in his Geol.ogy and Mineral-
ogy as Ourculioides Prestvicii. Since then Stur has described a second 
species from Ostrau, in Moravia, under the name of E. Sa,lmi. 
4. Order PEDIP ALPI La treille. 
Body depressed, th~ cepbalothorax and abdomen distinctly separate. 
Cephalothorax compact, but sometimes broken into two parts; the legs, · 
especially the front pair, Yery long. Abdomen composed of an abdomen 
proper of more than seven joints, to which is generally appended a 
(25) 
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post-abdomen, formed of a few small joints followed by a generally ar. 
ticulated seta. Palpi highly developed, spinous, apically chelate. 
Serres mentions a species of Phrynus from. the Tertiary deposits o! 
Aix. excepting which the only known fossil is a Thelyphonus -like arach-
uid from tbe Carboniferous deposits of Bohemia and .America, belong. 
ing to a family distinct from those now existing. 
Family Geralinuridre Scudder. 
Oepbalothorax divided into two masses: the binder much the smaller, 
s hort, and transverse, and carrying only the hindmost legs; the front 
portion large, tapering anteriorly, and furnished with long and slender 
cheliceres. Abdomen subfusiform. While most nearly related to tbe 
Thelyphonidm, this family, by the division of the cephalotborax, shows 
more affinity to the Nyctalopidm. 
Geralinura Scudd. · Oephalothorax ovate, the front rounded, one-
third as broad as hinder portion. Palpi large and robust , with interior 
spines. FirAt two pairs of legs slender, the hinder stout and broad. 
Abdomen composed of nine joints, the basal three rather short, the others 
subequal and longer; post-abdomen rn uch as in Thelyphonus. G. car-
JJonaria Scudd_., in iron-stone nodules from Mazon Creek; G. boliemi(JII, 
Kust. sp., from Rakonitz, Bohemia. 
5. Order SCORPIONES Thorell. 
Body depressed; the cephalothorax and abdomen distinctly separated, 
:.as in the las t group; t he latter composed (1) of seven joints, forming the 
fl,bdomen proper, at the base of which beneath is a pair of pectinate ap-
pendages, and (2) of six slender joints, forming the tail or post-abdomen, 
-0f which the last j oint is vesicular and developed as a sting. Palpi large 
.and chelate. 
This is, perhaps, the most sharply defin edof all the orders of Arachnida 
and is a group of the greatest antiquity, several species having been 
found in the Upper Silurian rocks of Sweden, Scotland, and New York. 
while the Uarboniferous beds have yielded a considerable variety of 
forms in both the Old and New World, all of which seem, at lea t as 
far as a_ny characteristics have been noted, to enter as completely into 
the order as if they were living to-day. The P aleozoic form repre ent. 
however, a distinct and extinct suborder, in which those from the Euro-
pean Silurian berls a re to be distinguished as a separate group from the 
Carboniferous type. , among the latter of which , however, the in le 
known American corpion must be placed. The Silurian pecie art: 
very recent discoveries, the characteristics of which barn been ma 
known to us by 'I1horell, Peach, and Whitfield. 
(26) 
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1. Suborder ANTHI!AC0SCORPII Thorell. 
Anterior margin of cephalothorax generally produced centrally. Dor-
sal eye tubercle situated not far from or at the anterior margin, in front 
of or between the lateral eyes; t,he dorsal eJ·es when present generally 
rather large. Bases of the srcond pair of legs separated from each 
other by a pair of median plates. Rachis of comb formed of four or 
more plates. 
This suborder includes all and only the Paleozoic forms and contains 
two families, the first el)lbracing th~ species from the Europea~ Silu-
rfan, the second the American SHarian scorpion and the Carbomferous 
pecies of both continents. 
1. Family Palreophonoidre Thorell. 
Anterior margin of cephalothorax very broadly emarginate. Eye 
tubercle small, situated mesially, near but not on the front margin of 
the cephalothorax. Sternum large and pentagonal, bounded anteriorly 
by the third pair of coxre. Movable 'finger 01' mandibles apparently 
armed with a single row of teeth. Hands stout. Legs short, gradually 
tapering; the tibial and femoral joints scarcely longer than broad; the 
last tarsal joint conical, pointed, without claws or with a single minute 
apical claw. 
This group contains the single genus Palreophonus, if the species 
.aJmost simultaneously discovered in the Ludlow berls of Gotland and 
,Scotland in the summer of 1884 are, as is probably the case, not gener-
ically distinct. · It is remarkable for the tapering form of the legs. 
·The Gotland specimen, Palceophonus nuncius Thorell and Lindstrom, 
has been carefnlly studied by Thorell, and is certainly remarkable for 
the excessively heavy joints of the palpi before the chelate tip, as well 
as for the brevity of the legs and their form, since all of them are stout 
and the last three joints taper regularly to a single, poiu·ted, spine-Jike 
claw. Only a preliminary notice of the Scottish species has yet been 
given by Peach, according.to whom the sternum shows a large pentag-
onal plate, against which the wedge-shaped coxre of the last pair of 
legs abut, while the coxre of the third pair bound the pentagonal plate 
along its upper margins and meet in the mid-line of the body, where 
they are firmly united. 
2. Family Eoscorpioidre Scudder. 
Anterior margin of cepbalotborax roundly or angularly produced i . 
the middle. Sternum compound, bounded anteriorly by the second pa--r 
of coxre. Hands slender. Legs comparatively long, of nearly uniform 
breadth; the tibial and femoral join.ts much longer than broad; the last 
tarsal joint cylindrical, blunt at tip, and armed with a pair of claws. 
{27) 
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1. Subfamily Proscorpionini Scudder. 
Dorsal eye tubercle of moderate size, situated mesialJy on the fron 
margin of the cepbalothorax; the dorsal eyes small; lateral eyes in two 
rows on antero-lateral border. 
Here belongs the single species Proscorpius Osborni Whitfield, from 
the Silurian (extreme base of Helderberg group) of New York, discor 
ered in the winter of 1882, but only just made known; t,be horizon from 
which it comes is probably somewhat lower than that at which Palre-
ophonus has been found, but the species agree more closely with the· 
later Carboniferous types. 
2. Subfamily Eoscorpionini S~udder. 
Dorsal eye tubercle small, situated mesially near but not on the front 
margin of the cephalothorax; the dorsal eyes minute; lateral eyes in , 
two rows on antero lateral border. Racllis of combs composed of numer-
ous Jamelhe. · 
Eoscorpi'us Meek and Worth. ·No intermediate Iamellm in the combs. 
Two species in tbe Carboniferous beds of Illinois. Mazonia Meek and 
Worth. is probably synonymous. 
Oentromachus Thorell. Combs urovidc<l with numerous intermediate-
lamellm. Five species from tbe-~Carboniferous beds ·of Scotland and 
England. · 
3. Subfa;miJy Oyclophthalmini Thorell. 
Dor~al eye tubercle wry large, occupying n<'arly half tbe cephalo-
thorax centrally in front; the dorsal eyes very large; la
0
teral eyes form-
ing a semicircular row beliiu<l and beside tLe latter. Rachis of the comb 
formed of few plates; no intermediate lamellm. 
Oyclvphthalmus Corda. Three species from the Carboniferous of Bo-
hemia. 
Other species of this family are indicated from Bohemia, Illinois, and 
Nova Scotia. The problematical genus Glyptoscorpius Peach is referred 
by him to the Eurypter·idm . • 
2. Suborder NEOSCORPII Thorell. 
Anterior margin of cephalothorax truncate or emarginate in the mid-
dle. Dorsal eye tubercle generally far removed from the anterior 
margin, behind the lateral eye ; the dor al eye~ them eJve when pre~-
ent, comparatively malJ. Steruum bounded anteriorly by the co.xre of 
the econd pair of legs; ba s of the e leg attingent at the mi ldl lin • 
Rachi of comb formed of no more than three plate . . 
3 . .F aruil , Buthoidre imon. 
t rnum narrowiu, forward,, nbtrian uJar. Int rmediat 1am 
th P ctora.1 omb. rather fi win nnml r mo ·t f tll m an,,.ul 
(- ) 
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Ltr 0 ·er tllan the fulcra, arnl forming only one erie ' , Thr priucip'll 
lateral eyes and 2-0 accessory eyes on each ide of the c phal h ra . 
Tityus eogenus Menge, from amber, is the only Tertiary p ·ie · t 1 rabh 
known. 
6. Order OPILIONES Sundevall. 
Bo<ly compact, depressed; the cepbalothorax and abdom •n unit• 1 in 
.a ingle mass, the latter composed probably of eight CTffi ~ut.·, f whi •h 
the five basal joints are so obscurely marked a to form app· r •ut1y ~ 
ingle mass. Palpi filiform, apically achelat.e. Leg long, t rmirn t d 
by a single claw. 
This order is represented only in Cenozoic tim and i ind <l k11owu 
in a fos il state only in amber. Most of the pecies b Ion to th fami1 · 
Phalangioidce, which is represented by a ingle 1-1pecie ea ·b, f th g •u -
era Acantbolophus, Phalangium, Liobunum, Platybunu , and h ir ma-
, chus, and by three which have been referred to Opilio. Th 
tomoidm are represented by the genu Ncma toma ( f--I).), mHl th 
·Gonyleptidw by Gonylepte (1 sp.). 
7. Order ARANE.lE Sund all. 
Body robust, composed of two well- parat <l ma.·· ; h ab<lo111 •11 
being petiolated with, at the mo t, but fain marlo; of ,'<•gm •11tation 
and furnished apically with spinn r t.. alpi ,'Uhfilif'om,, ,impk, < • 
~epting that the last joint of th mal po,' •' ·, p •cnliar org,rn. • 11li-
servient to copulation, never ch late. 
1. Subord r 
A. dozen specie of Attoidw ' •r, lH'lo11gin' tc th 
genera Propetes and Gorgop· ( tc·11<•;1ttu. ;rncl l•,tt0· 
phrys. In addition toth · Pnrattu; · 
Tertiary beds of Colorad 1 1tl'r '• tin ( from · 
to Gorgopi , and the ex n ttoirfo ar,xifon~11 
gypsum of A.ix. Of the Ereso of Er n an' fo 
ber. 
2. Suborcl r '1TI ·n. D ., ;atrc>illn. 
Represented by th ¼ · · · ,; hi ·h 1<>11, ha 
Linoptes on a ingl am • 
3. 
Koch e tabli he 
Archrea, with half 
of the cephalic po 
the unusually ma 
totally from all oth 
po ·ition here a ig 
111111 
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Tertiaries, especially in amber, ten genera being known, of which Cir 
thia and Syphax, with :ti ve species each, and on,e or two other· aJt, 
kuown only from amber. The species from the rocks have all been 
referred to Tbomisus and Xysticus, existing genera, and have been 
found at Oeningen, Rott, and Florissant (Colo.). 
4. Suborder TERRITEL.A.RI.A:J: Thorell. 
Olestes, an extinct genus of Theraphosoidm, is represented by a 
single species in amber; but the most important fact is that Thorell 
refers to the existing family Liph-istioidm that interesting Carbon-
iferous form from Silesia described under the name of Protolycosa 
anthracophila, on account of the brevity of the first pair of legs and 
the density and segrnentatiJn of the dorsal integument of the abdomen. 
Tboreli also calls attention to the unusually short second joint of the-
palpi and to the spines on the abdomen as points which might justify the ' 
establishment of a distinct famil.v for it. Though less well preserved, 
Fritsch's Palaranea borassifolia, from the Coa I Measures of Bohemia,. 
would seem to fall in this same group. No other Carboniferous .Aran.ea' 
are known in this group,' and no Mesozoic or Tertiary species are known, 
though a single genus exists at the present day in · the East Indies. 
5. Su border TUBITELARI.lE Thorell. 
The families which are represented in the Tertiary deposits of Europe 
and A.merica are the ones most' abundant in the present epoch, and the 
suborder itself includes more than a third of the Tertiary Aranere. The 
fossil Dysderides of Europe (16 Rpecies) are all from amber aud include 
eight species of Segestria, into which the single species from the rnl-
canic strata of Colorado also falls. Therea is an extinct genus peculiar 
to amber. The Drassides are very abundant in the Europe-an amber and 
the American fauna shows four species of Clubiona and one of Ary-
pbama, both living genera represented in amber, with 0lubiona (whieh 
bas no less than eight amber pecies) also at Oeningen; but be ide 
these there are half a dozen extinct genera found in amber, mostly with 
only one or two pecies each. Six genera of Agalenidm are found in tue 
European Tertiaries, half of them in amber, the other half at Rott antl 
Oeninge11. The amber genera are all extant, but one of tbe P eie 
from Rott-Argyroneta antiqua Heyd,- belong , according to Th< 1 11. 
to an extinct type (Elvina), in which the palpi are evidently thi ·k ·r 
than the legs. Bertkau, however, who ha ince tudi d it carefnJl.v. 
retains it in Argyron ta. Two , peci from Colorado be]oncr t 'L 
tanreca, a Europ an geou , no·t found fo il in the Old orl I. bm 
allied to Amaurobiu , on of the g nera r pre nt cl by tllr 
amb r. Be ·ide th Ila ltid a I ozoi er nu from 
. ' J, r fi rr d to thi family b , y nb rcrh. Th Her. ·ilioiclce ar r I • 
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exi ting in Europe, and a species of Gerdia, a remarkable generic form 
peculiar to amber, in which the head is raised to a high vertical boss, the 
tar i are two-jointed, and the spinnerets are very long and three-jointed• 
And, :finally, Thorell establishes a new family JJ1izal·ioidm for the curious 
genus Mizalia
1 
of which four species are known in amber, in which the 
cephalothorax is produced like a blunt snout in front of the eyes, the 
legs and palpi are stout, and the intermediate spinnerets are more than 
double the length of the inferior. 
6. Suborder. RETITELARIJE Thorell. 
Next to the Tubitelarire in importance., especially so far as the amber 
fauna is concerned, comes this suborder. The Scytodoidm contain a. 
·pecies of Pholcus and another of the extinct genus Phalangopus, but. 
the mass of this g.coup belong to the Theridioidm, a family more abun-
dant than any other among the Aranere in Tertiary deposits, more than a. 
fourth of the European species belonging here, with 1ourteen genera. 
America, whose stratified deposits are generally richer than the similar 
beds of Europe, is in this instance poorer, but possesses a single species 
of Linyphia and two of Theridium, besides some egg-cocoons appar-
ent!., made by a spider of this group. Theridium is one of the very 
richest of the amber genera, having sixteen species, while three others 
are described from Oeningen and Aix. Linyphia has three species in 
amber and two at Rott; Erigone, one each in amber and at Rott. Schel-
Jenbergia is an extinct genus founded by Heer for a spider found at 
Oeningen. Among the more prolific genera found in amber, and not 
named above, are Ero, with seven species; Walckenaeria and Zilla, with 
five each; and Thyelia, a form peculiar to amber, with no less than ·ten 
species. Other extinct genera are Flegia, Corynitis, Anandrns, Clya1 
and probably Dielacata, most of which are known by a single species 
each. 
7. Suborder 0RBITELARI1E Perty. 
In this group, containing the single family Epeiroidm, there is a curious 
disparity of representation between the European and the American 
Tertiaries, 8 per cent. of the European Tertiary spiders belonging to this 
group, while no less than 44 per cent. of the American species fall here, 
and no other group shows in America so many noveltie . Amo g these 
are single species of the genera Nepl.tila and Tetra.gnatha, not found 
fo sil in Europe, and four pecies of an extinct type, Tethnreus, i:li genus 
of spider of compact form, with hort and tout leg. , of not very un-
equal length, and in which the two front pair ar' uuu ually henYy. 
They all come from the bed at Flori ·ant, Colo. i , p :.ci referr d 
to Epeira al o come from Colorado, two from Rott, on from Oeniug n, 
and two from amber. .All the oth r T rtiar Ep ir id. om from a,m-
ber and include two or mor p a ·h f Gr , nt pia 'iga, and 
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CHARACTERISTICS AND DEVELOPMENT. 
Hexapods, or true insects, are articulated animals in which the body 
of the adult is divided typically into three principal regions: head, 
t,horax, and abdomen. The head is composed of several consolidate<l 
segments (generally looked upon as four in m,imber) and bears abore 
a pair of antennre, serving as sense and tactile organs, and below three 
pairs of jointed appendages, serving under various modifications as 
mouth-parts. These are designated from the front backward as mandi-
bles, maxillre, and labium. The opposing basal parts of the Ia t are 
more or less closely united to form a lower' lip, and .upon the oppo.'ite 
front or upper side of the mouth a hinged and undivided, though ome-
tirnes partially cleft, plate is found, called the Iabrum or upper lip; the 
maxillre and labium may have jointed appendages or prolongation,, tbe 
modifications of which, profoundly affecting the modes of life and nourish· 
ment of insects, characterize the different primary groups and are un-
doubtedly of great antiquity. A pair of compound eyes is found on 
the sides of the bead and ocelli are sometimes added in front. 
The thorax is composed of three segments, each of which bear a P ;, 
of legs and each of the hinder two a pair of wing', which, e peciailf 
the posterior, are occasionally aborted. Each of the e egm nt · 
again divided by suture into everal plate , bearing definite and im--
lar relation on each egment; they are ituated abo e, on the .. id 
an<l below, and are di tingui. bed re p ctively a nota pl ura. 
t .rna th pleura b ing again ubdivid d into an ant rior· pi t 
and a po. terior pim ral pi c . B twe n n ta and I 1 ur~ tb 
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and between pleura and sterna the legs, are inserted. The lattter con-
si t of five parts: coxa, trochanter, femur, tibia, and tarsus, the last 
rarely simple, generally five-jointed, the final joint armed with a pair 
of claws and sometimes with fleshy pads or lobes. 
Tlie wings, the most characteristic feature of the class, are composed 
of a thin membrane, stretched, like a flattened bladder, upon a frame-
work of veins, the arrangement and disposition of which are definite and 
of the utmost importance for paleontology, as these are the parts, par-
ticularly in the older insects, which are more often preserved, and fre-
quently serve as the sole clew to rela~ionship. These veins or nervures 
are hollow, ramificating, and more or less anastomosing tubes, contain-
ing trachere and the fluids of the body. The principal veins are six in 
nurn ber, arising in sets of three, from two distinct roots, the marginal, 
mediastinal, and scapular veins being articulated anteriorly, the externo-
median, internomedian, and internal veins posteriorly; by a basal bend 
in the course, however, the scapular or the externomediari vein may, as 
it were, .select its articulation at will. The deft nite arrangement of 
ttese veins and their off-:shoots has frequently served, in all orders of 
insects, as a base for generic, and occasionally for family, distinctions, 
but its wider use has been much hampered by a very variable nomen-
clature of the veins in different orders, which has taken no note of their 
homologies. · 
The different orders differ also in the general texture of the front 
wings and their relative size, as compared to the hind wings, the for-
mer being sometimes of a much denser consistency than the latter and 
serving as a protective -covering to them, which then become the prin-
cipal organs of flight, and are often folded in various ways for conceal-
ment beneath the front wings. 
The abdomen is generally composed of nine or ten segments; to each of 
the last two or three of which one, two, or even three pairs of appendages 
rnay be attached, often closely connected with the reproductive function 
asovipositorsorclaspingorgans, but also as stings and jointed filaments. 
In ovipositors and stings the appendages of opposite sides or of differ-
ent segments, or of both, are often combined to form compound struct-
ures; in the other cases the appendages are usually simple and distinct. 
Respiration is effected by means of trachere filled with air through lat-
eral openings or stigmata on the sides of most of the thoracic and ab-
dominal segments, to the number usually of nine or ten on each side of 
the body; these are connected by main trunks extending along each 
ide of the body and themselves divide into numerous ramifications, 
which permit the aeration of every part of the body. 
Growth is secured through repeated sloughings of the chitinous in-
tegument of the body, accompanied by very varied and remarkable met-
amorphoses. In some types the young as hatched from the egg very 
clo ely resemble the parent insect, except in the absence of wings, and 
when the parent is itself apterous the resemblance is still more evident. 
(35) 
36 REVIEW OF FOSSIL INSECTS. [BULL. 
In others, on the contrary, the difference is very important, and to 
bridge over the wide distinction a quiescent period intervenes between 
the initial and the final period, resulting in a threei1ld life condition, the 
first stage being known as the larva, caterpillar, or maggot, the second 
as the pupa or chrysalis, and the final as the imago or perfect stage. 
Such a metamorphosis is designated as complete. The insects with in-
complete metamorphosis, on the other hand, do not need such a q uie~-
cent stage, the ordinary ecdysis sufficing for all the changes rnquire<l 
for the assumption of maturity. 
As the conditions under which insects are preserved in the rocks do 
not admit of any study of their internal structure, this side of their or-
ganization need not here be touched upon. Yet it is remarkable to find 
how perfectly external parts and organs of the utmost delicacy ha,e 
been preserved not only in amber, which has revealed and is yet to re-
veal the most important and exact data regarding insect life in the early 
Tertiaries, but even in the rocks them~elves, where the most delicate 
hairs, ·antennal outgrowth~, the appendages of the feet, and the micro-
scopic facets of the compound eye are exactly preserved. Especially i~ 
this true of the neuration of the wings in every type and in all time: 
thus preserving for us the most precious data for the rehabilitation or 
the insect life of different epochs. 
As the classification here followed is intimately connected with the 
historical development of the different ordinal types, its exposition i;: 
postponed to the close, where the subject will l>e discussed in connection 
with the geological distributiou of iusects. 
A.-PAL.lEODICTYOPTE RA Goldenberg-. 
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Body generally elongated, mouth-parts variously developed; antennrn 
:filiform. Thoracic joints subequally developed ; legs moderately long. 
)fesothoracic and metathoracic wings closely s.imilar, equally membra-
110us; the six principal veins always developed, the marginal simple and 
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forming the costal border, the mediastinal generally simple or witll ape. 
rior branches only · the other veins usually dichotomize; stout and '\VeE. ' . . 
defined cross-veins rare; membrane generally reticulate. Wrngs lJ! 
repose lying on the- abdomen, the anal area of the bind wings, though 
usually of great distal extension, never plaited, though sometime' 
broadly folded. Abdomen usually long and slender, the last joint often 
furnished with simple articulated appendages. 
The insects composing this order were in fact ordinally undifferenti-
ated Hexapoda, and comprised all the insects of Paleozoic time, together 
with a few later ones. They may be divided by their general facies and 
by their evident relationship to succeeding types into four sections, 
Orthopteroidea, Neuropteroidea, Hemipteroidea, and Coleopteroidea. 
1. Section ORTHOPTEROIDEA Scudder. 
1. Family Palreoblattarire Scudder. 
Ancient cockroaches in which the externomedian vein of the front wing 
is completely developed, dividing in the outer half of the wing, it 
branches generally occupying the apical margin ; anal branches termi-
nating on the innell margin of the wing. 
1. Subfamily Mylacridm Scudder. 
Branches of the mediastinal vein arranged in a radiate manner, mostly 
springing from a common point at the base of the. wing; mediastinaJ 
area subtriangular, uniformly tapering apically. (North America.) 
Mylacris Scudd. Wings bro.ad. Mediastinal and scapular areas to-
gether occupying less than half the wing. Scapular area larger than 
the mediastinal. Carboniferous, ten species. Cape Breton, Nova Sco-
tia; Pennsylvania; Illinois. 
Promylacris Scudd. Body much arched. Wings broad. Mediastinal 
and scapular areas together not occupying more than a third of the 
wing. Scapular area smaller than the mediastinal, the scapular running 
obliquely to the costal margin. Carboniferous. P. ovale Scudd. Mazon 
Creek, Ill. 
Paromylacris Scudd. Body much arched. Pronotal shield more than 
twice as broad as long. Wings extremely broad. Media tina1 area 
large and extended and, with the scapular vein, occupying half the wing. 
Externomedian area expanding apically. Carboniferous. P. rotundun 
Scudd. Mazon Creek, IJI. 
Lithomylacris Scudd. Wings slender. Mediastinal and capul, r 
areas together occupying more than half the wing; externomedian ar • 
small and compres ed, , carce1y expanding ap-ically. Uarbonifi r u · 
Four peci . . Penn. ylvania aud Illinoi . 
Necymylacri, Scud<l. i...:,orne of thf' apical branche: of tb me Ji, n 
vein ari ing b yond tbe ba e of tb winO' and care I,v partaking h 
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radiate arrangement of the others. Carboniferous. Two species. Penn-
sylvania. 
2. Subfamily Blattinarim Scudder. 
Branches of the mediastinal vein arising at regular intervals fro01 a 
principal stem; mediastinal area generally band-shaped.. (Europe and 
North .America.) · 
Etoblattina Scudd. Mediastinal area comparatively short ; scapular 
vein not reaching tip of wing and, with the externomedian, which is 
comparatively large, occupying less than half the wing ; internomed~an 
vein comparatively long. Carboniferous and Trias. About 25 species. 
Europe and North .America. 
Spiloblattina Scudd. )fediastinal area comparatively short; scapu-
lar area Just reaching the tip of the wing and, with the externomedian, 
occupying about half its area ; externornedian and internomed ian veins 
direrging around a median . stigma. Trias. Four species. Colorado. 
Archimylacris Scudd. Mediastinal area comparatively short ; scap-
ular terminating below the tip and, with the externomedian, which is 
comparatively small, occupying less than half the wing ; internomedian 
vein comparatively long. Carboniferous. Three species. Nova Scotia, 
Pennsylvania, and Illinois. 
Anthracoblattina Scudd. Mediastinal area, comparatively long ; scap-
ular and externomedian areas together occupying less than half the 
wing; th~ branches of the former superior, of the latter inferior; inter-
nomedian vein comparatively long. Carboniferous. Twelve spe~ies. 
European. 
Gerablattina Scudd. Mediastinal area comparatively long; scapular 
and externomedian areas together occupying less than h~lf the wing, the 
branches of both superior; internomedian vein comparatively long. 
Carboniferous. Thirteen species. Europe and North America. 
Hermatoblattina Scudd. Mediastinal area comparatively long; scap-
ular and externomedian areas together occupying less than half the 
wir:g, the branches of the former inferior; internomedian vein compara-
tively long. Carboniferous. Two species. Germany. 
Progonoblattina Scudd. Principal veins closely crowded in the basal 
half of the wing; scapular area not reaching ap6x, but, with the exter-
nomedian area occupying more than half the wing, the branches of the 
latter inferior; internomedian vein comparatively short. Carbonifer-
ous. Two species. Germany and Sw-itzerland. 
Oryctoblattina ~cudd. Principal veins widely separated at base: 
scapular area surpassing apex and, with externomedian, occupying more 
than half the wing, the branches of latter inferior ; internomedian vein 
compara.tively short. Carboniferous. Three species. Germany and 
lHinois. 
Petrablattina Scudd. Scapular and externomedian areas together 
covering; more than half the wing, the externomedian vein directed 
(39) 
40 REVIEW OF :FOSSIL INSECTS. 
· toward and terminating near the middle of the inner border of the wing, 
its branches superior; internomedian vein very short. Carboniferous 
and Trias. Four species. Germany, Nova Scotia, and Colorado. 
Poroblattina Scudd. Scapular and externomedian areas together 
covering more than half the wing; the externomedian vein directed 
toward the outer half of lower border, its branches superior; interno-
median vein moderately long. Trias. Two species. Colorado. 
2. Family Protophasmida Brongnfart. · 
.Ancient walking-sticks, in which the front wings were diaphanous 
and as fully developed as the hind wiu gs and both were similar in 
form and general neuration to those of other Palreodictyoptera, being 
long and usually slender, with very simple branched veins. 
Titanophasma Brongn. Wings very large, moderately slender; the 
neuration moderately abundant; scapular vein beginning to branch in 
the middle of the basal half of the wing. Carboniferous. Three species. 
Commentry, France; Saarb1·iick basin; Pittston, Pa. 
Litoneura Scudd. Wings of moderate size, the veins comparatively 
few, distant, and simple; scapular vein first branching beyond the mid-
dle of the wing and usually far from the first forking of the externome-
dian vein, its branches arising from the main stem. Carboniferous. 
Three species. Saarbriick basin. 
Dictyoneura Goldenb. Wings of rather small size, with sparse neura• 
tion, the scapular nervules springing from a principal branch, which 
arises before, generally far. before, the middle of the wing, the nerrn1es 
only at ~ome distance beyond the same; internomedian vein simple. 
Oarboniterous. Four species. Saarbriick basin. 
Polioptenus Scudd. Wings similar to the last, the principal scapular 
branch arising only just before the middle; internomedian vein branched. 
Carboniferous. P. elegans Goldenb. sp. Saarbriick basin. 
Archreoptilus Scudd. Wings of huge size, the neuration tolerably 
abundant, the main scapular branch arising about the middle of the 
wing and having numerous off shoots; externomedian vein branc1.Jing 
abundantly in the middle of the wing. Carboniferous. A.ingen · Scudd. 
England. · 
Protophasma Brongn. Wings oflarge size; scapular nervure simple: 
neurat.ion rather open except in the anal area, where it is made up of 
very crowded parallel veins mostly forked. Carboniferous. P. Duma. · 
Brongn. Com men try, France. 
Breyeria Borre. Wings of moderate size, triangular, much br a Ier 
next the ba e than beyond, the tip rounul pointed; scapular'" in ~jm-
ple; n uration par e. 1 arboniferou . B. borinensis Borr . - f 1 • 
B lgium. 
Jleoanewra Brong-n. -iug '"'ariabl in iz ng and 
broacl :ta ba. e; . capular Yein imp]e; all'" in el w tbi 
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simple internomedian, with very abundant, closely -.set, Long, a.nd mostly 
simple branches. Carboniferous. Two species. Oommen try, F~·ance . 
.&dmophasma Scudd. Wings of large size, broad, broadest m the 
middle; scapular vein simple; all below· this with abundant, closely-
set branches, forking abunclantly toward their distal ends. Carbon-
iferous. A. anglica Scudd. England. 
Goldenbergia Scudd. Wings of moderate size, long and slender, gen-
erally broadest near the middle, but not prominently, the tip generally 
rounded. Scapular vein simple; branches of other :veins oblique, curv-
ing down to and striking obliquely the lower margin of the wing, those 
of the externomedian vein occupying at least one-third of it; anal area 
extending nearly to the middle of the wing; no intercalary veins. Car-
boniferous. Five species. Bavaria, Saarbriick basin. 
Baplophlebium Scudd. Wings of moderate size, exceedingly long 
and slender, the veins with rare dichotomosis; with or without iuter-
calaries. Carboniferous. Two species. Nova Scotia and Pennsylvania. 
Paolia Smith. Wings of variable size, long and slender ; branches 
of veins dichotomizing strongly and running in a longitudinal direction, 
so that the externomedian branches occupy only a slight portion of the 
lower margin·; no intercalaries. Carboniferous. Four species. Illinois, 
Indiana, and Pennsylvania. 
In this section will probably fall Archegogrylltts priscus Scudd., 
founded principally upon what appears to be a saltatorial leg of an 
insect. Carboniferous. Ohio. 
2. Section NEUROPTEROIDEA Scudder. 
1. Family Palephemeridre Seudder. 
Ancient May-flies, in which the lower externomedian stem seems to be 
formed on the same plan as the upper stem. 
Here are placed three very different insects : Platephemera antiqua 
Scudd., from the Devonian of New Brunswick ; Ephemerites Ruckerti 
Gein., from the Lower Dyas of Saxony; and. Palingenia Feistmant-
elii Fritsch, from the Carboniferous of Bohemia. 
2. Family Homothetidre Scudder. 
Mediastinal vein terminating on the costa; scapular vein with no in-
ferior branches; externomedian vein, usually the most important in the 
wing, conspicuously branched ; internomedian vein similar to the last. 
Acridites Andree. Remarkable for the great length of the medias-
tinal vein and its uniform distance from the margin. Carboniferous. 
A. priscus Andree (probably a hind. wing). Bohemia. 
Eucrenus Scudd. Body stout; the prothoracic segment twice as 
broad as long; abdomen ovate; fore wings with the mediastinal vein 
traight, terminating before the apical third of the wing with numerous 
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straight branches; scapular with similar branches e1~ding half way bt-
tween the mediastina1 and the tip; externomedian important, with <IL-
tant branches. Carboniferous. E. o'l'alis -Scudd . . Mazon Creek, 111. 
aerapompus Scudd Body·s1ender; the prothorax as Jong as broad: 
fore wings well rounded, the mediastinal arcuate like the costa, with 
infrequ<>nt simple branches; Rcapular ending near the tip. Carbonifer-
ous. G. bla.ttinoides Scudd., G. extensus Scudd. Mazon Creek, Ill. 
Anthracothremma Scudd. Body stout; the protborax several time' 
broader than long; wings subequal and elongated; the scapular nin 
arcnate and nearly reaching the tip; externomedian vein with namer- · 
ous parallel branches, mostly simple. Carboniferous. A. robusta Sca'dd. 
Mazon Creek, Ill. ✓ 
r;enopteryx Scudd. Internomedian vein with branches very similar to 
those of the externomedian ·vein, the outermost in close proximity to 
the innermost branches of the latter. Carboniferous. G. constricta 
Scndcl. Mazon Creek, IIJ. G. lithanthraca Gold. sp. Saarbriick. 
Cheliphlebia Scudd. Body rather slender, .but wings large and coarse, 
without cross-rnins; internomedian vein extending far toward the tip 
)f tile wing with many oblique branches. Carboniferous. 0. carbon-
iria Scudd., G. elongata Scudd. Mazon Ureek, Ill. 
Genentornum Scudd. Wings large, elongated, with coarse venation 
and abundant crosR-veins. Mediastinal vein very long, with numerou~ 
branches to the .costa; other branches very distant and stout, the e.s-
ternomedian separated more widely than usual from the scapular, e"-
pecially in the hind wing. Carboniferous. G. valid'um Scudd. l\lazon 
Creek, Ill. . . . 
Didymophleps Scudd. All tbe veins and branches above the interno-
median longitudinal and nearly parallel, nearly all the lower half of the 
wing being occupied by the oblique branches of the intetnornedian vein. 
Oarboniferous. D. contusa Scudd. Vermilion Oounty, Ill. 
Homothetus Scudd. Mediastinal vein extremely long, scarcely sur-
-passed by the scapular, and with scarcely any branches to the co ta; 
externomedian vein with only a few branches in the outer fourth of tbt: 
wing-. Devonian. H.fossilis Scudd. New Brunswick. 
Jl1ixotermes Sterz. Mediastinal vein terminating at about the mid· 
dle of the wing; externom~dian with everal distant oblique branche • 
the basal one thrown off far before the middle of the wing. Oarbonil-
el'Ons. JI{. lugauensis Sterz. Lugau, Germany. 
Omalia macroptera Coem.-Ben. probably belongs near here. 
3. Family Palreopterina Scudder. 
:fedia tinal vein termina ing on th capular, not far from the micl-
dl of th wing; capular y in wit11 on-.. inferior branch whi h carri 
a f(,, infr•rior Jon itnclinal off hoot to tb tip of the wiu ; xt JU 
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rne<liau vein less conspicuous than the seapuhlf branch, often simple; 
internomedian conspicuously branched with oblique offshoots. 
Miamia Dana. Scapular vein lying close beside the mediastinal, its 
course straight its main branch arising near the middle of the wing 
and nowhere ;ery distant from the main stem. Carboniferous. JJ[. 
Bronsoni Dana,. Illinois. . 
Propteticus Scudd. Scapular vein widely separated from the melli-
astinal, its course arcuatr·, its main branch ari:sing near the base of the 
wing, parting rather widely from the main stem. Carboniferous. P. 
infernus Scudd. Illinois. 
Dieconeura Scudd. Externomedian vein entirely simple; internome• 
dian vein of unusual importance, extending far toward the extremity of 
the lower margin. Carboniferous. D. arcuata Scudd. Illinois. D 
rigida· Scudd. Pennsylvania. 
Strephoclq,dus Scudd. Externomedian vein simple, united by a prom-
inent cross-vein with the main scapular bran·ch near the base of the 
latter; internomedian vein termina,tiug near the middle of the lowe1 
border, with numerous par~llel branches arising from iti::; superior sur-
face and terminating on the lower border of the wing. Oarboniferons. 
S. subtilis Kliv. sp. Schiffweiler, Germany. 
Aethophlebia Scudd. Internomedian vein terminating before the rniu-
dle of the lower border, emitting a single main branch beyond its middle, 
which is superior and, with the median fork of the externomedian and 
the larger part of the main scapular branch, forms a continuous ad-
ventitious vein crossing diagonally the course of the principal nervules 
of the wing; the ultimate• offsho_ois of the externomedian vein arise 
indifferently from the main vein and the principal branch and are par-
allel and similar to the offshoots of the veins above. Carboniferous. 
A. singularis Scudd. Illinois. 
4. Family Xenoneuridre Scudder. 
Mediastinal and scapL1lar veins as in the Palmopterina; externome-
dian vein amalgamated at t,he base with the scapular and beyond the 
middle branching conspicuously; internomedian vein divided at the 
base into two · simple branches. Xenoneura antiquoriim Scudd. De-
vonian. New Brunswick:. 
5. Family Hemeristina Scndder. 
Mediastinal vein terminating on the costa ; scapular vein with one 
inferior branch arising in the basal half of the wing, running parallel to 
tlie main vein and supporting a considerable number of snbequidistant 
oblique branches, occupying the apex or more tha,n the apex of the 
wing ; externomedian variabl~, generally branching considerably in its 
apical half; internomedia11 similar to the externomedian, but generally 
less important. 
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Lithomantis Woodw. Prothorax wit,h large lateral lobes. 
tinal vein farther from the margin in the tlliddle than at base of ~in : 
internomedian area fully a~ extensive as the externomedian. OarbonI 
erous. L. carbonaria Woodw. Scotland. 
Lithosialis Scudd. Mediastinal vein gradually approaching the mm 
gin all t he way from the base. Internomedian area far less extensi 1 
than the externomedian. Carboniferous. L. Brongniarti Mantell ll, 
Coalbrookdale, England. L. bohemica Novak sp. Bohemia. L. carbon 
aria Germ. sp. Wettin, Germany. 
Brodia Scudd. Scapular vein parallel to border; ofl:Shoots of its maw 
branch distant, curving strongly downward, occupying a large propor-
tion of the wing ; base of the main scapular branch connected by a 
strong longitudinally oblique cross-vein with the externomedian. Car-
boniferous B. priscotincta Scudd. Tipton, England. 
Pachytylopsis Borre. Scapular vein arcuate, approaching the border 
gradually almost fr<,m the base; scapular offshoots longitudinally ob-
lique. Carboniferous. P. Pers-inairei Borre. Mons, Belgium. 
Lithentomum Scndd. Main scapular branch with a single or at most 
two branches, which are almost wholly longitudinal. Devonian. L. 
BartUi Scudd. New Brunswick. 
Ohrestotes Scudd. Main scapular branch straight, close, and parallel 
to the main stem, with comparatively few oflshoots; principal anal 
vein deeply impressed. Carboniferous. O. lapidea Scudd. Mazon 
Creek, Ill. 
Hemeristia Dana. Scapular brancl1 strongly arcuate, at its base dis-
tant from the main stem, and at first taking the course of its basal off-
shoot. Carboniferous. H. occidentalis Dana. Mazon Creek, Ill. 
6. Family Gerarina Scudder. 
Mediastinal terminating on the costa; scapular vein the most im-
portant in t he wing, with several offshoots, all arising from the main 
stem ; externomedian vein with offshoots closely resembling those of 
the scapular vein, but generally less important; in ternomeclian ti11 
less important, sometimes simple. 
Polyernus Scudd. Body moderately stout; wings rather broad ; me-
. diastinal vejn extending nearly to tip of wing; branches of capnlar 
nin inequidi8tant at origin, T"ery longitudin al, closely crowded and 
ramose, and yet hardly more important than the externomedian ,ein. 
Carboniferous. P . complanatus Scndd. Mazon Creek, I ll. P. laminaru 
Scudd. Pittston, Pa. 
Gerarus Scudd. Body slender, tapering greatly anteriorly : win!!' 
lender; mediastiual vein variable ; branches of capular vein num · 
on , more or Jess longitudinal, simple or forked, occupying much ru 
' pac than the brauche, of ~n:r other veiu . Oarhoniferou . G. 
ondd. , G. mazon'lts cudd., G. Dance cudd. )lazou Creek rn. 
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Adiphlebia ScndJ. Body ratµer stout a~d equal; wings rather qroad; 
all the nervules simple, arising from their stems near the base of the 
wings, subparallel and longitudinal. .A. Lacoana Scudd. Mazon Creek, 
Ill. d 
Megathentomum Scudd. Wings of great size, remarkably broad an 
10umled • most of the veins dividing into principal branches near the 
' base, the branches longitudinal and again forking only near the mar-
gin. Carboniferous. M. pustulatum Scudd. Mazon Creek, Ill. !i. 
Jormosurn Gold. sp. Fischbach, Germany. 
3. Section HEMIPTEROIDEA Scudder. 
Eugereon Dohrn. The thoracic joints are twice as broad as long, 
while the head is slenuer, less than a fourth their width, with lancet-
shaped mouth-parts and fi.liform multiarticulate antennoo; front and 
hind wings similar in size and shape and generally in structure, being· 
long and elongated; mediastinal vein distant from, parallel to, and con-
nected by transverse veins with the margin; scapular with a princi-
pal branch which parts widely from it; the nervules, which strike the 
lower margin, curve downward rapidly as they approach it; front legs 
very long, the tibire nearly twice the lengt,h of the femora. Permian. 
E. Bockingi Dohrn. Birkenfeld, Germany. Fritsch indicates a second 
species from N yran, Bohemia . . 
Fulgorina Goldenb. Mediastinal and scapular veins both terminating 
on the costal margin in the outer half of the wing, the latter with sev-
eral basal branches, from the outer of which, which runs in close prox-
imity to the maiµ vein, most of the forking nervuJes take their rise; 
branches of the externomedian superior and parallel to the scapular 
branches; internomedian forked distally, the branches of the upper fork 
supertor, of the lower fork inferior; anal area separated by an emargi-
nation from the rest of the wing. Permian. F. Ebersi Dohrn (sp.). 
Saarbriick basin. 
The other species referred to :Fulgorina as well as Golden berg's Mac-
rophlebium Hollebeni are probabiy hind wings of Paloooblattarioo. 
Phthanoco,;:is Scudd. An archaic heteropterous type, in which the 
front wing. is already differentiated in structure from the hind wing, a 
large corium being present, distinct from the membrane, as well as a 
very narrow, unimportant clavus, the sntura clavi arising below the 
middle of the wing and reaching to the extremity of the corium; no 
embolium or cuneus exists and the mediastinal and scapular veins 
are widely separate at base. Carboniferous. P. occidentalis Scudd. 
Missouri. 
4. Section COLEOPTEROIDEA Scudder. 
The. e are perhaps indicated by the different borings brought to notice 
hyGeinitz jn the Coal Measures of Saxony and by Brongniart in the Car-
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boniferous limestone of Autuu. Troxites Gerrnari Goldenb., from Saa~• 
brlick, is probably no insect at all-perhaps a fossil frnit. 1 
Brongniart has recently figured and briefly described an exceedingly 
interesting wing from the middle Silurian sandstone of Oalvado"' 
France, which he considers one of the Palreoblat~arire and has named 
Palmoblattina Douvillei. As a sketch kindly furnished me by lli. 
Brongniart does not appear to support this refore~ce, it is here placed 
at the end of th~ Palreodictyoptera, awaiting the fuller details concern• 
ing it promised by Mr. Brongniart. 
B.-HETEROMETABOLA Packard. 
Body generally bulky, flattened, and ill-constructed for varied flight. 
Prothorax large; the thoracic joints loosely compacted; abdomen gener-
ally sessile; mouth-parts generally mandibnlate; front wings more or 
less coriaceous or with numerous and thickened veins, generally smaller 
than the hind wings, often reticulate. Metamorphosis generally incom-
plete, the pupa then active. 
1. Order ORTHOPTERA Olivier. 
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vided with an ovipositor. Metamorphosis incomplete; terrestrial 
throughout life. 
1. Family Forficularire; 
The earliest record we have· of earwigs is in the Lias of Schambelen, 
where an extinct genus, Baseopsis Heer, is found, which Heer looks upon 
as" a remarkable connecting link between the Orthopteraand theCole-
optera." Unfortunately the forceps are not preserved. The only other 
Mesozoic species is an obscure form from Solenhofen, called For:ficula-
ria by Weyenbergh. 
In the Tertiaries they are more abundant, though rare. Menge and . 
Gravenhorst speak of their occurrence in amber, Serres catalogues them 
as found at Aix, and four species are :figured by Heer and Massalongo 
as occurring in the beds of Oeningen and Monte Bolca. But they are 
more abundant in American rocks, eleven species being found at Flor-
issant, Colo.; all are referred to a single genus, Labiduromma Scudd., 
with unusually large eyes ; some of them are of very large size; and 
some are preserved with the hind wings fully expanded1 showing that 
as early as the Oligo~ene the peculiar structure of these organs was 
already fully developed. 
• 
2. Family Bla.ttarire. 
This family is one of the most interesting of all that occur in Mesozoic 
rocks, as itis the only one at all well represented in the Trias. Reference 
has already been made to the genera of Palreoblattarire (Etoblattina, 
Spiloblattina, Petrablattina, and Poroblattina) which are found either 
in part or exclusively in these oldest Mesozoic rocks. In addition to · 
them we have the three following genera _of Blattinarire in the same 
deposits: · 
Neorthroblattina Scudd. Fore-wings ovate, 4iaphanous; tip rounded, 
but a little produced; mediastinal and scapular veins blended into one, 
occupying nearly half the wing, the main vein gently sinuous, but not 
reaching the apex, the veins terminating on the margin. Trias. 
Four species. Colorado. 
Scutinoblattina Scudd. Fore-wings subtriangular, tapering, strongly 
convex at base, coriaceous, obscuring the venation ; combined medias-
tinal and scapular vein straight and terminating below the apex. Trias. 
Three species. Colorado. 
Legnophora Heer. Fore-wings ovate, coriaceous, obscuring the rela-
tions of the thickened veins and branches ; mediastinal and scapular 
veins apparently blended and occupying nearly half the win_g. Trias. 
L. Girardi Heer. Trebitz, Germany. 
Cockroaches are also pretty abundant in the J nrassic rocks, over forty 
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species having alread~ been figured, principally from tbe Upper Oi:H"'e 
England. Among the more interesting of the Jurassic genera: 1ri 
f'ew of which have been properly studied, are the following: 
Blatt-idium Westw. Remarkable for the extreme length, slendern€~\ 
and equal breadth of · the wings. The scapular and externomediin 
veins are blended and, with the internomedian vein, stnd long, paraI e\ 
seldom forked branches to the outer margin of the wing. Lower Pru. 
becks. Two or three species. England. . 
Rithma Gieb. Wings tapering from the base, the blended media.~ 
tinal and scapular area occupying half the wing and terminating at or 
below the tiJJ. In other respects closely resembling the Triassic J.. ~eo · 
throblattina. ~ias and Oolite. Four species. England and Switze · 
lan<l. 
Elisama Gieb. Wings rather stout; mediastinal and scapular °\ein~ 
blended ~nd occupying the upper half of the wing; externomedian · 
and internoniedian veins curving very strongly downward at bal:'!e and 
then runniug longitudinally; anal area reduced to a minimum. Upper 
~o1ite. Two .species. England. 
Mesoblattina E. Gein. Wings slender, resembling the preceding, 
but the anal area of normal or even large size, and the externomedian 
an<l internome<lian veins less abruptly curved at the base. Lias and 
Oolite. A dozen or mo.re species. England, Germany, and Switzerland. 
Pterinoblattina Scudd. Front wings resembling a feather with it 
shaft and barbs, the shaft, always straight and lateral, being formed of 
the parallel and approximate mediastinal, scapular, and externomedian 
veins; the barbs, of the long, straight, and mostly simple mediastiual 
and externomedian veins. Lias and Oolite. Six species. England 
and Germany. 
Mesoblattiua is by far the most abundant in species, many unde• 
scribed and unfigured forms existing in British collections, and e pe-
cially in that of' Rev. P. B. Brodie. A species of Blabera is described by 
Heyden from Solenhofen. There are also a considerable number of 
other generic types known in Mesozoic rocks, the whole number of pe-
cies, both of Palreoblattarire and of Blattarire, amounting to between 
sixty and seventy. · 
Of Tertiary cockroaches, the remains are in general less perfectly pre• 
served, excepting where tlley occur in amber. Something like a doz 
species are known, and they have mostly been described or merely m · 
tioned under the generic names of Blatt a, Blattina, or BJattidinm. ' 
Germar, Heer, Menge, Berendt, Giebel, Heyden, and other and h 
been recorded from Prus ian and Sicilian amber from Oeningen Ei 
ben, Rott, Spitzbergen, and Greenland. Meng and Germar refer 
amber pecies to Pol:yzo teria, Heer r cord a mau: p ·ie of H 
garuia from Par chlug, wbile tlie m rican ,'p ci , fr m Flori ant 
Green River belon to Paralatindia Z t bora an l H rn °-awi • 
' 
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·3. Family Mantides. 
A siugfo very obscure wingless specimen from Oenin en, .Jtanlis l>r · 
· G ;:. · t· tl1 o· ~11u a togcca, l.las been figur~d by Heer, and Ut;rm men 1011 
occurring in amber. 
4. Family Ph!1smida. 
The only Postpaleozoic fossil of this family occurring in th r k i' < 
single specimen from the Oligocene of Florissant, in Colorado, b 1 n ·in 
to the genus Agathemera and not very far removed from the genu 
Pseudoperla, peculiar to amber, of which two specie are de cribed b 
Pictet. Pseudoperla is remarkable for the shortness of the me othorax 
and abdomen and the straightness of the fore-femora.. B i le th , 
according to Menge, the amber bas furnished specimens of Pha ma and 
Bacteria. Considering the abundance of walking sticks in Pa.leozoic 
rocks, the absence of their remains from Mesozoic strata is rather re-
markable. 
5. Family Acridii. 
A fe; obscure fragments, mostly saltatorial legs, have been found 
in the Lias of Switzerland and Upper Oolite of England, indicating the 
probable presence of the group of Truxalidw, to which also and to 
rEdipodidre a few wings from the Lias of Schambelen and of Dobbertin 
must be referred. These have been described by Heer and Geinitz 
under the names of Gomphocerites and Acridiites. 
The group of A.cridiidm proper seems never to have occurred in a 
fossil state, since it is not only absent from the Mesozoic rocks but from 
the Tertiary deposits as well, the species of which, with the exception of 
a sing1e one of the :fettigidm, belong, like the Mesozoic forms, to the 
Truxalidm and CEdipodidm. To the former ('11ruxaz.idm) belong (Edi,p-
oda nigrofasciolata Heer, from Radoboj ; Gomphocer-us femoralis Yeer, 
from Oeningen; and A.cridium Barthelemyi Hope, from Aix, together 
with a species of Gomphocerus and two speuies of Tyrbula Scudd., from 
Florissant, Colo. The last named is an interesting extinct genus al-
lied to Syrbula Stal., with clubbed autenme, hind tibire abundantly 
spined, and comparatively small eyes. To the CEdipodidre probably 
belong five of the species of (Edipoda described hy Heer from Oeningen 
and Radoboj, a species mentioned hy Serres as occurring at A.ix, and 
three American species from :b"'lorissant, belonging to as' many genera) 
two of which , falling at opposite extremities of the CEdipodan series, 
are extinct. The only other fossil acridian published is a, specfes of 
Tettigidea, described by Heer from Oeningen under the name of Tetr-ix 
gracilis; but an insect from Aix allied to Ohimarocephala is in the 
Paris museum and Woodward mentions a species of ~his family from 
the Isle of Wight. Not a single specimen of this family has been re-
ported from amber. 
Bull. 31-4 ( 49) 
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6. Family Locustarire. 
A few representatives only of this family lrn ve been found in l\Ie Ol!~ 
rocks. Three or four species are known from Solenbofen and .figCllbl 
by Germar, Weyeu bergli, an<l Hagen; one of tllem, Locusta SJJeci, 
Miinst., is gigantic and all are obscure. .Anotl1er species looked upon ~1 
E. Geinitz as a Gryllacris is des~ribed from Dobbertin; and when tli 
Mesozoic species from England, figured by Brodie and Westwood are 
more carefully studied, some will probably be found to fall here. 
The Tertiary forms are not numerous: two species each of D ecticu., 
Gryllacris, . and Locusta have lJeen described by Heer, Germar, ann 
Fritsch from Oeningen, Radoboj, the Rhenish coal, Greenland, a.no 
Freudenhain in Boliernia, while single species of Locustites and Phan 
eroptera are :figured by Heer from Parsell lu-g and 0<:>ningen. Serre' 
also reports a species from .A.ix, and Capellini one from Gabbro. ~ .... o 
specimen of this family seems to have been found in amber excepting 
a few larval forms :figured by Germar. 
It is a little difficult to place the fossil forms so far recorded from 
Europe, but the species of Decticus described by Heer and Fritsch, from 
Oeningen and Freudenhain, as well as Germar's Locusta extinctaJ appear 
to be Decticidm. Phaneroptera vetusta Heer, from Oeuingen, seem to 
fall in the Phyllophoridce; Locusta grmnlandica Heer and perhaps Ser-
res's species, in the Pseudophyllidce-; the two species of Gryllacris from 
Radoboj a.nd the species indicated by Oapellini, in the Gryllacrid-idm. In 
America a single species of each of these groups, excepting theJJecticidm, 
belonging respectively to the genera Litbymnetes, Oymatomera, and 
Gryllacris, bas been found at Florissant, together with one speci 
each of Orchelimum and Locusta, representing the Gonocephalidm a 
group which does not appear to occur fossil in Europe. Thus, althoagh 
the total representation of the family in the Tertiary rocks is very fee-
ble, all its principal subdivisions are present. 
7. Family Gryllides. 
The Lias of England and Germany presents a peculi~r type of cricket. 
that from Dobbertin having been described by E. Geinitz under ti.le name 
of Gryllus dobbertinensis; it is the only described l\Iesozoic pecie 
and its exact position is not clear. 
The Tertiary deposits show a considerable variety of form , thou(J'h 
species are not numerous. Only a single one has been fully de cri 
fro m amber and a second :figured from Oeningeu. Serres, howe,·er, m 
tions seveu species as occurring at Aix, of wllicli two are aid to l> I -
to Gryllotalpa (Heer also mention a Gry1lotalpa from Oeuin(J'en) 
one to X_ya, while he compare the four other to ·peci of CE· n h 
Gry1lu , and mobiu . H r' · Gryllu • troglodytes from Oeninrr 
probably a mobiu , and th Hmb r , pccie , Gryllu macroccr 
of t he T rigonidre. Thr p ci ,, oc m· in th Gr n Riv r 1 I f • 
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Body elongated, generally cylindrical, the integument coriac(}ous. 
Antenuffi uf variable length, but with rare exceptions simple and :tili-
form. Mouth-parts adapte<l for biting; mandibles slender. Pronoturn 
very varia,ble. Both pairs of wings large, membranous, subequal; the 
membrane reticulate, with usually polygonal cells. Female rarely pro-
vided with an ovipositor. Metamorphosis complete (Neuroptera vera) 
or incomplete (Pseudoneuroptera) ; usually aquatic iu ea,rly life. 
The Pseudoneuroptera have been 1:-mparated from the N europtera 
proper by most recent writers, either as an independent order or, fol-
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lowing Erichson, as a part of the Ortboptera. There does not 'etmfo 
be sufficient reason for considering them a distinct order an<l tbe uature 
of their metamorphosis offers the most valid ground for uniting them 
with the Orthoptera. 'l'heir retention, as here, with the Nearopterai~ 
however, defensible on paleontological grounds. 
· 1. Suborder PSEUD0NEUR0P'l'ERA Erichson. 
1. Family Thysanura. 
Notwithstanding the simple structure of this apterous group, it is 
not known eariier than Tertiary times1 and would scarcely be kno-wn 
th~n but for the amber inclusions. The Oollembola, have no t received a 
careful study since they were first described thirty years ago by Koch, 
who was content to employ for the most part the old and comprehensive 
genera, Podura and Smynthurus, into which he threw seven of the ten 
species described. The others were referred to Paidium and a new 
genus, Acreagris, which Menge looks upon as only the female form of 
the coccid genus l\fonophlebus. The Ginura received closer attention 
from Menge, and they are more numerous in species, about fifteen har-
ing been described by Koch and Berendt and by Menge, and they in-
clude some remarkable forms. One of them, described under the 
generic name Glessaria by Koch and Berendt, is with reason looked 
upon by Zaddach and Menge as a larva of some other neuropterou.s 
group. Menge briefly describes three extinct genera, Lampropholis, 
Lepidion, and Lepidothrix, to which five species are referred. Most of 
the species belong to Petrobius, but there is a single species each of 
Forbicina and Lepisma. A single specimen of one of the Oinura has been 
found in the American Tertiary deposits of .Florissant and is remarka-
ble for its broad and flat femora. Ji"lorissant lrns also furnished in con-
siderable abundance specimens of a very anomalous creature beliered 
to belong here, lmt to form a special group of Thysauura. called Ballo -
toma, coming between the Oinura and Syrnpbyla. Its head is reduced 
to nothing but mouth-parts and gullet, which formed an extensible ofi 
proboscis, which when at rest was withdrawn beneath the hood-lik 
protboracic joint; the legs ,,ere strongly developed, with expanrlc 
and flattened femora and tibiffi and two-jointed tarsi terminating in a 
single claw; the abdomen was furuished with apical l10oks apparently 
used for retrogressive motion. On account of the beadle charactero 
the creature it has been called Planocepbalus. 
2. Family Termitina. 
It ha generally been suppo ed that thew · ' w ~re 
tol coted in Paleozoic rock _____ .:__ _______ ~ 
1 
. , Charle Bronguiart inform 
of tlus group ju tho Carl>ouiforous deposits of Comm • , . 
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which ha,7 e been referred to this family have been shown by recen~ re-
searches to belong to the Protophasmida, aud the others to :anons 
neuropteroi<l Palreodictyoptera. At least half a dozen species ~re 
known from the Mesozoic rocks, however, most of them from the Lrns 
of England, Germany, and Switzerland, the most common type being 
the extinct genus Clathrotermes Heer, peculiar for its numerous, trans-
verse, gently oblique cross-veins in the costal field and for the <l~rk 
quadrate spots which usually accompany these and other cross-verns. 
If we are to follow E. Geinitz, the species must have been exceedingly 
variable. Two white ants also occur in the Oolite of Bavaria, which 
Hagen refers to Termes proper. 
In Tertiary times they were more abundant, numbering already about 
one-fourth as many as tbe known living species; nearly every existing 
genus occurs, and, in addition, in American rocks an extinct genus, Pa-
rotermes, characterized by the presence of distinct inferior branches to 
the scapular vein, the slight development of the internomedian vein, 
with the large development of the externomedian, which runs more 
closely than usual to the scapular vein and has unusually longitudinal 
branches. The genera of Termitina are divided by Hagen into two sec-
tions, according to whether the scapular vein is branched or not; about 
two-thirds of the rP-cent species belong to the section with simple scapu-
lar and one-third to the other section, while the proportion is exactly 
reversed in Tertiary types. Of the several genera, Parotermes is repre-
sented by three species at Florissant; Calotermes, by three species in 
amber and at Rott; Teruiopsis, by three in amber; Hodotermes, by six 
species at Oeningen, Radoboj, Schossnitz, antl Florissant, but curiously 
none in ambe.r; Termes, by three species in amber, at Oeningen, and at 
Radoboj; and Eutermes, by four species, equally divided between Rado-
boj and Florissant. Besides these, species have been indicated from 
Sieblos, Monte Bolca, and the Isle of Wight. All the specimens so far 
found, with two exceptions, have been winged; a single larva has been 
found in amber and one at Florissant. There is probably no group of 
Tertiary insects concerning which our knowledge is more exact than is 
the case with the white ants. Hagen has examined over one hundred 
and fifty specimens from amber and twenty-five specimens have been 
obtained from Florissant. 
3. Family Embidina. 
Of this anomalous and limited group, which Wood-1\fason has recently 
attempted to show should be removed to the Orthoptera, a single species, 
Oligotoma antiqua Pict. sp., from amber, has been found fossil, repre-
ented, however, only by larval forms. 
4. Family Psocina. 
This group has been found fossil only in amber, but here in consid-
erable abundance, since sevesral of the species are represented by twenty, 
(53) 
54 REVIEW OF FOSSIL INSECTS. 
thirty, or even sixt,y individuals, nud fifteen species arc re ognu~ 
about one-uinth the number of living species known, but near1. Oilf. 
half as many .as tbe species now living iu Germany according tolni 
latest monograph by Kolbe. These fossil species are divided am9n~ 
. 9 I 
ten genera as follows: Troctes, 1; Spbreropsocus, 1; Empherrn .... ; iir. 
chipsocus, 2; Amphientomum, 1; Epipsocus, 1; Crecilius, 3; Philotir. 
sus, 2; Psocus, 1; Elipsocus, 1. The genera Spbreropsocus, Emphe. 
ria, a.nd Archipsocus are peculiar to amber; the first mentioned, a moil 
remarkable form, has the front wings d1weloped into the semblance of 
elytra. It is worthy of note that, while in the existing. fauna of Europe 
tlie groups to which Psocus and Elipsocus belong embrace about half the 
species, they include only one-seventh the amber fauna. Hagen and 
Kolbe are at variance on the interpretation of these facts. 
5. Family Perlina. 
With the exception of a fossil from the Eocene of the Isle of Wight, 
referred to this family, and of a species of Leuctra <lescribed by Hagen 
from the Miocene of Rott, all our knowledge of the Perlina in ancient 
times is through the amber deposits. Thirteen species are known, be-
longing to the genera Perla, Tamiopteryx, Leuctra, and Nemum, all 
existing genera, and the species present no peculiarities worth special 
mention, being similar to existing types in north tempel'ate regions, 
though in no case identical with tliem. It is worth remarking, how-
mTer, that the 1rnmber of species known from Prussian amber is nearly 
lJalf that of those now living in Austria. 
6. Family Ephemerides. 
Undoubted remains of four or fiye species of this family occur in the 
Oolite of Solenlwfen, some of very farge size, most of which have been 
<lescribed under the generic name Bpbemera, but one, in wllich the 
neuration, so far as it goes, is perfectl~ preserved, has been referred to 
a new germs, Hex~genites. Eichwald also describes and figures under 
the name of Eplrnmeropsis a Jarva found in tbc Siberian Jura ic 
rocks. 
Unr knowledge of Tertiary Rpecies comes largely from amber inclu-
sions, bnt Heer and Scudder each describe a species of Ephemera from 
Oeningen and Florissant, and the latter distinguishes in addition ih·e 
species from Florissant in an immature state. Wilkinson Iia al o found 
a species in Australia. The amber specie are eight in number, thr 
of which are species of Baetis and the otber are di tributed amonu the 
genera Leptoplllebia, Palingenia, Potamanthas, and Cronicu th J 
an extinct genu allied to Ileptageuia, di ti11gui bed from it uy th 
fonr-jointe<l forceps of the male :md the hortn of tb middJ an 
bri tic. 
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7. Family Odonata. 
The strongly limite<l group of dr.agon flies makes its appe~n~nce ill the 
Lias in considerable variety and a,pparently as higldy specialized DR to-
day, for no less than four tribes are present, the true Agrionina and tlle 
Cordulina alone being ab8ent. ..lEschnidm are tbe most abundant, the 
.lEschnina being represented by a species of 1Esc1ma at Scbamb~len 
and the Gomph-ina by one species each of Petalura and Gompbo1des 
from England. Galopterygina come next, with one species each of Tar-
sophlebia aud Beterophlebia, both extinct genera., also from England, 
and finally a species of Libellula from England. Tlrn same relation 
bolds in passing upward into the Oolite, where the Agrionidre are auded. 
Here we have thirty-two species, of which half are Agrionidm: four 
Agrionina, and twelve Galopterygina, of ft vc genera, mostly extinct, 
namely, Isop.hlebia, 2; Beterophlebia, 2; Stenopblebia, 3; Ta.rsophle-
bia, l; and Enphrna, 4; three are ..lEschuina, of the genera Anax and 
1Eschna; eight G01nphina, of some undetermineq. · genera, besides Pe-
ta.lnra. and Petalia; and finally five Libellul-ina, of about as many gen-
era, yet undescribed. A species of Gomphina has also been found in 
tbe Wealden of England. The lithographic slates of Bavar.ia afford 
numerous, sometimes wonderfully presen·ed, dragon flies, called by 
the workmen Stangenreiter or Schladen-Vogel, which have been care_ 
fully studied by Hagen. They lie on the stone with expande<l wings and 
are generally larger than mo<lern types ; sometimes the most delicate 
veins are perfectly preserved. Most of them are referred to extiuct 
genera. 
Uonsidering the comparative abundance of this group in the second-
ary rocks, one would expect to find a better representation in the Ter-
tiaries than is the case, for, ev~n counting all the species founded upon 
the immature stages as distinct from any of those estahlished upon 
wings, the Tertiary species are less than twice as numerous as those 
from the secondary rocks. The subfamilies are about equally repre-
sented, though the 4,.grionidre are a little in excess, and the species a.re 
very unequally distributed among the tribes. Thus there are twenty-
two speci~s of Agrionina: of the genera Agriou, 7; Lestes, 5; Argya, 
1; Platycnemis, 2; Ste.rope, 1; Dysa,grion, 3; Podagriou, 1; and Lithag-
rion, 2, the last four genera being -extinct; while tllere is but a single 
species of Oalopterygintt known by a pupal form, from amber, a curious 
reversal of the proportion in 1\Iesozoic rocks. The 2Eschnidce are more 
equally balanced between the tribes, the Gomphina being represented 
by six species, of the genera Gomphus, Gompboides, Ictinus, and Peta-
lura, and the .JEschina by nine, of the genera lEschna, 8, and Anax, 1. 
The Libellulidce, however, have again only a single species of Cordulina, 
but sixteen species of Libellulina, all except one, a Celithemis, referred 
to Libellula in a broad sense. Nearly every locality where Tertiary 
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insects are found, even including amber, bas supplied its quota 
family, and some localities, such as Oeningen, have furnish ed tbe 
and pupm in great numbers. 
2. Suborder NEUR0PTERA VERA Erichson. 
1. Family Sialina. 
This group was well represented in Mesozoic times, but the specir1 
have never been carefully studied or compared. . Three specie ru 
found as far down as the Trias (of Switzerland), and referred to Chall, 
liodites, while in Oolitic rocks are found, especially in the Lias an~ 
Purbecks of England, but also in the Dobbertin Lias, a considerabI~ 
number of types, which have been referred to species of Rhaphidium, 
Sialium, ChauJiodites, and Hagla, of which the last is the ~revailin_g 
type. ]l!formolucoides articulatus Hitcbc. is the larva of a spee1es of th1 
group found abundantly in the new red sandstone of the Oonnecticnt 
niver in New England, and is the oldest larval form of insect which 
bas been detected. An interesting relic is also found in the Laramie 
group of Colorado in the immense ootbeca of Oorydalites, an insect 
allied to Oorydalis, preserved in considerable numbers, and from which 
the eggs can be extracted. Marquis Saporta informs me that entirely 
similar remains are found in the lower Garumnian beds of Provence, 
Frauce. 
Iu Tertiary deposits this family is rare. In Europe it is known only 
from amber, and is there represented by one species each of Inocellia 
and Chauliodes; in America only the section of Rhaphidiidm is found, 
but of this no less than four species of Inocellia and one of Rbapbidia 
from the single locality Florissant; all these Tertiary genera exist at 
the present <lay. 
2. Family Hemerobina. 
The only Mesozoic forms which can certaiuly be referred to this fam-
ily are those reported from Solenhofen. Hagen catalogues a Obry opa 
an Apochrysa, and a Nymphes. Weyenbergh :figures a 0brysopa and 
two species of Hemerobidm, one of which may very likely be an Apo-
cbrysa, and the actual species be thus reduced t,o four. All referenc ~ 
of English secondary insects to this family appear to be erroneou • 
In Tertiary times the species do not appear to have been numeron~ 
but they represP.nt nearly every one of the principal group . Of the 
Myrrneleonidm, an obscure species, from Radoboj, is referred by bar• 
pentier to Myrmeleon, aud Burmei ter aud Berendt mention eeincr h 
same genus in amber, but they probably mi took something 1 e for i • 
Of Ascalaphidm Uu talet de cribes an A calapb us from Le Puy and H -
gen a Supbalascafrom Sto · chen. Neither emopteridarnor Mant' · 
have b n found, but Hemerobidm and Chrysopidm ar J not nn rum · 
Of the fi rmer, two pecie of Hemerobiu , b id a Jar a ar d ·ri 
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from amber and another species is mentioned from the Isle of ight; 
one spccies'each of Nymphes and Osmylus is found in am?e~·, and a 
.second species of Osmylns from Florissant. All these are ~x1strng gen-
era but an extinctgenus Botbromicromus, remarkable for its numerous 
' ' . sectors, occurs in British Columbia. Two other extinct genera occur m 
Colorado in the next group, the Ohrysopidre, Palreochrysa with one and 
Tribochrysa with three species. A species doubtfully referred to the 
Ohrysopidm is figured by Andrae from Thalheim, and a Ooniopteryx from 
amber represents the Ooniopterygidm. 
3. Family Panorpidre. 
To tllis family llave generally been referred a considerable number of 
small wings occurring aLnost exclusively in the English and German 
Lias
1 
to which the generic term Ortbopblebia was applied by Westwoorl. 
Apparently it covered a considerable variety of forms, a dozen or more 
species having been named and many more being known, embracing a 
considerable range of nenration. In general the wings were of small 
size and bad only faint cross-Yen~tion, if any, and the scapular and ex-
ternomedian veins (which, being much bifurcated, bear almost all the 
branches) are blended at the base. Giebel has referred one of them to 
Panorpa, bnt it is of the same general character as the others, which 
form a distinctively oolitic type of Neuroptera, ranging as high as the 
Purbecks. 
Nothing of this type appears in the Tertiaries, where Panorpi<lre are 
very rare. Three species of Bittacus are described from amber and 
Ra<loboj and t·wo species of Panorpa from amber and Colorado. The 
amber species of the latter genus is of a uniform ash-gray, but the spe-
cies from Florissant is heavily banded, more so, indeed, than in modern 
types. Besides tbis, Florissant furnishes an extinct genus Holcorpa, 
with one species, remarkable for the complete absence of any cross-
nervules, in which it reminds us of the Mesozoic forms; but, unlike 
them, it is conspicuously marked with large pale spots on a dark ground. 
4. Family Phryganidre. 
The name of Phryganidium was given to a wing from the Lower Pur-
becks of England by Westwood, and, following him, E. Geinitz has de-
scribetl a number of species from the Lias, where this type of wing 
seems to be abundant and rather easily confounded with the species of 
Orthophlebia. These seem to be the sole representatives of the Phry-
ganidro in the Mesozoic rocks, excepting a tube-like larval case de-
scribe<l by Fritsch from the Cretaceous of Bohemia. 
Similar larval cases, made of minute particles of stone or of shells 
cemented together, have been found in various Tertiary deposits, at 
Oeningen, at Leistadt near Dilrckheim, at Lewes in Engla.nd, in vVyom-
ing, even in amber, but particularly in Auvergne, where the so-called 
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indusial limestone, often 2 to 3 meters thick an<l of wide exten -iii 
formed of their relics. These were <lescribed by Bose C'igbty year '~ 
Exceptinrr in America however remains of th~ imago have rarely lmn 
<-' ' ' • 
found in the rocks themsehTes, single examples being known at ... :.i.-11i 
Parschlug, and Manebach, in the lsle of Wight, an<l in Greenland; a~n 
their absence is the more unaccountable since they are more numeroa . in 
amber than any other group of insects excepting Diptera and comprise 
more than half the specimeus of N euroµtera and Pseudoneuroptera com 
bined. Tweuty-five species have been described by Hagen and P icte 1 · 
and several others mentioned, while nearly as many are known from 
Florissant. They belong largely in both cases to Hydropsychidce, P oly-
centropus being the prevailing type in amber and Derobrochus in Colo-
rado. This last is an extinct genus allied to Polycentropus, but di --
tinguishe.d by the length of its cells and the apparent want of any fi fth 
apical cell. The other groups, represented both in amber and at Floris-
sant, are the Phryganidm proper, to which the remains in the rock de-
posits of Europe also belong; the L·imnophilidce, to whicll group mo t of 
the larval cases probably appertain; and the Leptoceridm j while tbe 
HydroptiUdcc and Rhyacophilidce are only known, and sparingly, from 
amber. 
3. Order HEMIPTERA Linne. 
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Body m~nally orn.te arn1 ilattenrd, especially above; the integument 
coriaceous. Bead more or less irn bedded in the prothorax. Eyes mall. 
ocelli genera11y preseut. Autennre of variable length, .:filiform, mo t of 
the joints long. :i\foutb-part prolonged into a beak adapted for pierc-
ing and sucking; tlte lancet- lJa ped mandibles and maxillre, tbe latter 
without pal pi, l,ving in a partly clo ed tnue formed by the labium. Pro-
notum large aud di i inctl. · marked, though oldere<l broadly to th r ~ 
of the thorax. Me. otboracic cutellnm large an<l di tinctly mark 1. 
11'ront wings larger tlrn,n tlle hiucl p~ir, itb r coriac on at ua. an 
more or le. membranou at tip or wboll rnembranou bu t th ·n 1 
firm r textur and witll tout r "•in than tb hiud win 
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coriaceous at extreme ba,se; veins of both wings generally few and dis-
tant, excepting next the front c<lge; w heii reticulate, tlrn cells quadr~u-
gular; wings never folded. Legs slender, occasion~lly expa~ded_, with 
never more than three tarsal joints. :Metamorphosis ( exceptmg m the 
male OoccidIB) incomplete. The terrestrial or aquatic habits (as the 
case may be) persistent throughout life. 
1. Suborder HOMOP1'ERA Latrciile. 
1. Family Aphidre . 
.A. few unquestionable remains of this family are foun<l in the Eng1ish 
Wealden, one speci_es, Aphi8 1,aldens-is Brouie, having the cllaracteris-
. tic neuration of the wing preserved, showing that it belouged to the 
Schizoneurince. 
In Tertiary rocks, notwithstanding their delicacy and small size, they 
are not infrequent. About one hundred specimens, for iustance, !Jave 
been found at Florissant, including about eight· species, most of which 
are referred by Bucktou to extinct genera; and l\leuge's collection of 
amber insects in 18GG inclu<Jed fifty-six specimens of plnnt-lice. Besides 
this they have been found at Oeningen, Radoboj, Aix, Ain, and in· British 
Columbia. Most of the species have been referred to A phis (12), and 
Lachnus (8), and so belong, like t.he bulk of living species, to A.phi-
dinre proper, but Heer describes from Oeningen a Pemp!Jigus, one of the 
Pemphiginm, .Berendt mentions a Scbizoneura from amber, and one of 
the Florissant species also belongs to the Schizoneiur·inm. 
2. Family Coccidre. 
The only known fossils of this group are some tl}.at occur in amber. 
Three species referred to Monopblebus were described and figured by 
Germar, and Menge has since added short descriptions of half a dozen 
species referred to Aleurodes, Uoccus (2), Dorthesia, arnl the extinct 
genera Ochyrocoris and Polycloua. The female of one of the species 
of Monopblebus was taken for one of the Poduridre by Koch aucl con-
si<lered the type of a new genus, A.creagr:is. 
3. Family Fulgoridre. 
The oldest known member of this group is a very obscure fossil from 
the middle Oolite of Soleul10fen, which Weyenbergh considers a Lystra; 
but the middle Oolite of England !Jas furnished a few species referred 
tloubtfuUy by Brodie to the genera Ricania, Oixius, •Asiraca, and Del-
phax, the true relationship of wbicb is still obscure: other Solenbofon 
species have been referre<l to Rir.ania, but are fonncl to belong to the 
cockroaches (Pterinoblattina). 
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The family is fa,irly well represented in Tertiary rocks, some tbfrty 
cies being known, distributed among half as many genera. The am 1 
species comprise more than half the whole number, aud are mostly rf 
forred to Cixius, but also to Preocera, Pseudophana, Fla.ta, aud Rica~ia 
The European rocks have furnished single species of Asiraca ( A.IX), 
Pseu<lopLana (Oeningen), and Tettigometra (Radoboj), while froDl 
America we have single species of PJanopblebia (an extinct genu::: 
from British Columbia; of Aphana· and Delphax, from Utah; and 0 
Mnemosyne, Lystra, Fulgora, Cixius Aphana, and the extinct genus 
Lithopsis, from Wyoming, besides so~e large undescribed forms from 
Florissant. 
4. Family Membracides. 
A single species found in the Oolite of Belgium and mentioned by de 
Borre as probably belonging near Tettigouia is the only Mesozoic form 
referable here. 
Tertiary species are tolerably abundant and have been mostly re-
ferred to existing genera: Acocephalus, 3, sp.; Jass us, 2; TeWgonia, 6; 
Bythoscopus, 4; Typblocyba, 5; and Crelidia, 1; though Heer r efers 
one Radoboj species to an extinct genus, Dict.yopborites; five species, 
from Oeningen, Radoboj, and Aix, to CicadeUites; and one Oeningen 
species each to Membracites and Ledopbora. More than half the 
known species come from Radoboj or amber, but four species are known 
from Ueningen, three from Aix, two from Utah, and one each from 
Wyoming, British Columbia, Florissant, and Stosschen. 
5. Family Cicadellina, 
Nearly a dozen species, referred loosely to Cereo pis, Cercopidium, Cic-
adellium, and some to '' Cicada," have been described from the Lias of 
Dobbertin and Schambelen and the upper Oolite of England, bu t they 
l1ave not yet been carefully studied. 
In Tertiary deposits they are the most abundant of Homoptera. .....~o 
less than sixteen species of Oercopis aro described, more than half of 
them from Radoboj, the others from Oeningen, amber, and Briti h Co-
lumbia. A. genus allied to Ptyelus is represented at Florissant by a 
dozen or more species, very abundant in individuals, and seven specie.'.3 
of A.phropbora are known from amber, A.ix, Oeningen, Radoboj , and 
Greith, on the Upper Rhone. Besides theRe, an interesting extinct ITT-
gantic genus, Petrolystra, with two species, remarkable for the colo 
tion of the wing , has been found at Floris ant. Heer de cribe~ 
Cercopidium from the Miocene of Greenland and Wood ward refer 
·peci sfounclin tbeEoc n of be I Ieot'Wighttotheexi ting Triecp ~ 
sanguinolenta. 
G. Famil Stridulantia. 
hi, gr up ozoic r o far a I ubli 
<l or cli. 'PU tab I cl. ta. 
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4. Family Hydrometridre. 
Obscure species referred to tue genera Velia and Hydrometra 
been found in the Oolite of Solenhofen and of Engfand and a 
genera are represented iu Tertiary deposits. Species of Limnoba .... 
and Hygrotrechus have been described from Oeningen and Briti 
Columbia and of Limna.cis, Halo bates and Hydrometra from amber and 
mention has been made · of the occurrence of the latter genus and 0 
Gerris at Aix. Halobates also occurs at Florissant. 
5. Family Saldidre. 
Germar describes a single species of Salda from amber. 
6. Family Reduviidre. 
Two gigantic species in tue So1enhofen shales represent thi; family 
in the Mesozoic; they have been referred to the genus Pygolampis and 
an extinct type allied to it, called Propygolampis. 
In the Tertiaries the true Reduviina are the most abundant, six specie 
of Harpactor being found at Oeningen or Radoboj, with a species of 
Evagoras at Oeningen and one of Reduvius in Wyoming. Reduviu 
occurs also at Aix and in amber, according to Serres and Gcrmar. Of 
the other tribes, as in the Reduviina, all the genera are of existing type ; 
a single species of Pirates is found at Radoboj, one of Platymeris in 
amber, two of Steuopoda at Oeningen, and Serres reports a Ploiaria at 
Aix. A number of species of undetermined genera occur at Floris ant. 
7. Family Nabidre. 
N abidm of the modern genera Na bis and Pros tern ma are found at 
Ceniugen, and several species of the former occur also at Radoboj and 
in amber. 
8. Family Aradidre. 
· The fossil species of this group arc all from Tertiary deposit and 
have been referred to Ara<lns; three species have been described from 
amber aud one from Radoboj, besides which Hope and Serre refer to 
a species at Aix and Scu<lder to tw.o species at Florissant. 
9. Family Tingidre. 
Half a dozen T rtiar;r localities JJave already furnished p ·iruen 
these delicate insec\: . pecie of l\fonanthfa are de cribed from 
ingen an<l Krotten ee ~md of Tin <Yi from Radoboj and Pru iun 
ber. Be ide thi , _pecimen of Tingi JJave been found at ix a d 
Flori.' ant. 
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10. Family Capsidre. 
Amber has fnrnislted a large number of species of tlJis family, all re-
ferred to living genera. Germar describes thirteen specie~ of Pb~;~o-
coris and Gravenhorst specifies without describing fiye species of Mins. 
Both Berendt and Gravenlwrst mentiou also a Capsus from the same 
deposits and Curtis speaks of a 1'1i-ris from Aix. 
11. ]family Physapodes. 
One would scarcely look for remains of tbese minute insects in the 
rocks, and yet they are not extremely rare, eigbt species of the genus 
Thrips having been uescribed, three each from Aix and from amber 
and two from Oeningen. Another species found at Aix is ma<le the 
type of a new genus, Calothrips, and the rocks of Utah have furnished 
one species each of three genera, l\'.Ielanothrips, Litbadothrips, and Pa-
lreothrips, the last two extinct and the ]ast remarkably preserved, the 
microscopic hairs of the fringe of the wing being distinct enough to be 
counted. 
12. Ii'amily Lygreidre. 
The two oldest insects which have been referre<l. to this group are a 
Pachymerns from Strensham and a Pachymeridium from Dobbertin,. 
both from Liassic deposits; they are lJoth rather obscure, and almost 
more so are the three wiugs figured by Westwood from the English 
Purbecks, which Giebel refers to Lygrnites. 
In Tertiary depositR the family is comparatively abundant and wide-
spread. No less tlJan seventeen described species are referred to Pachy-
merus: From Aix, 6; Oeningen, 4; amber, 3; Hadoboj, 2; Sieblos; 
and Utah; niue to Lygrnus: from Radoboj, 3; Oeningen, 2; Sieblos, 
2; .Aix; and Krottensee; while Serres alludes to four species of the 
same genus at Aix and Heer describes five species of the extinct Ly-
greites from Oeniugen and Radohoj. Besides this, Heer describes six 
species of Heterogaster from Radoboj, Aix, and Oeningen, and one ex-
tinct genus, Oephalocoris, from Oeningen, Heyden refers to a species 
of Micropus found at Stosschen, and Scudder describes a Rhyparochro-
mus from Wyoming. The numerous species from Florissant are not 
yet worked up. 
13. Family Coreidre. 
Our knowledge of this family in Mesozoic times is limited to the brief 
account and figures of Liassic species given by Heer in his Urwelt der 
Schweiz, who figures two and names one additional species referred to 
extinct genera, Protocoris and Oyclocor·is. Eight species in all were 
known to Heer, and they are very perfectly preserved. 
A considerable variety occurs also in t-be Tertiaries, including, accord-
ing to Heer, three genera which nre extinct, Berytopsis, Hermostites, 
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and Pa1reocoris, each with a siugle species, tlle first two from Uenine 
the last from Radoboi · also Coreites which iucludes three more ob~ J' ' ' . forms from Radoboj and Oeningen, whose geueric relation is uncerta• 
ThB same author also <lescribes four species of Syromastes from Oe~-
gen and two of Spartocerus from Radoboj. Oeningen has al o nr-
nished single species of Bypselonotus and Alydus; a species of thelami 
genus occurs in the Rhenish con 1, of Leptoscelis, at Sieblos; Serre men-
tions a species of Ooreus a.t .Aix and Menge a species of Ber.rtua in am-
ber. The family is abundantl.v represented in tbe still unworked field 
of Florissant, where especially one or two species of Alydiua are exceed-
ingly abundant in individuals. 
14. Family Cimicidre. 
A number of species from the English Pnrbecks, and even from the 
Lias, have been referred to this family, but all tbese remains are exceed-
ingly obscure and have in no case been referred to special genera. 
... In the Tertiary deposits, however, tllis family is the most numerous 
and abuudant of all Heteroptera, but no one of its members has been 
referred to extinct g~nera. Species of Cimex, using t,be term doubtle s 
in a general way, Lave been mentioned by Eser as occurring iu the Mi-
ocene of Unterkirch berg, by Serres, Berendt, and Schlotbeim as found 
in amber, and by Stainton as occurring in the Pleistocene marls of Ul-
veston. Three species of .Acanthosoma are described by Heer from 
Radoboj, as well as one of Pb1reocol'is from the same place; and, amon" 
tlle series of the .Pentatomi<ls, one species of 1Elia, four of .Fiurytrena. 
two of Eusarcus, two of Ha1ys, and eight of Pentatoma, all from 0e-
ningen, besides two of the latter genus from Radoboj and one each from 
amber, Salzhausen, and Atanekenlluk in North Greenland. Serre aL,o 
referred to three species as found at .Aix, a species of EusclJistu · i de-
scribed from British Uolumbia, and a considerable number of the Pen-
tatomid series occur at Florissant. Finally, four species of Pad1yc:orL 
and a species of Tet.yra are found at Oeningen. 
15. Family Cydnida. 
This restricted group was tolerably abundant, Yaried, and wide pre 
iu Tertiary times. A.n extinct genu , Uyd11opsi Heer, is repre~en 
by eleven species in Oeniugcu, Radoboj, aud Aix, and the recent rre 
Cydnus, by four at Aix, Ueningeu, and Wyoming, be,jde a, peci -1 
Cydnusfoundiu the Au tralian Tertiarie . Anotb r exti1Jct gen a,,.•~ · 
rocori H r, ha two sp •ie at Oeuiugeu; yrtomenu ~ and .LE· 
on ach in Wyoming; and Bra •b p ,Jtu , on a Krotten . 
pecie of Corimalrena and it allie are found at Jori · ant. 
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4. Order COLEOPTERA Linne. 
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Body compact, generally subelliptical; the integument usually corne-
ous. Head usually inserted more or less deeply into the prothorax. 
Antennre exceedingly variable in length and in the form of the joints; 
ocelli generally absent. Mouth-parts adapted for biting; the mandibles 
tout, labium entire. Pronotum large, distinct, free. Mesothoracic 
cutellum small, but distinctly marked. Front wings corneous, nearly 
all traces of the veins lost, adapted to the shape of the body, sep-
arated from each other by a straight suture down the middle of the 
back, useless in flight. Bind wings membranous, folded transversely 
and longitudinally in repose; the veins few, distant, incomplete, a joint 
being formed near the extremity by their erasure; cross-veins very 
Bull. 31-5 (65) 
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rare; reticulation absent. Metamorphosis complete, the appendagesot 
the pupa free. Larva of three principal types (thysanuriform, encj. 
form, and vermiform or apodal) not corresponding to the din ~·.ins ' . . 
based on the main structural distinctions of the adult. Habit v an 
able, but the aquatic forms aquatic throughout life. 
1. Series RHYNOHOPHOR.A. Latreille. 
1. Family Anthribidre. 
This family made its first appearance in the Tertiaries. ,OeningeDr 
Rott, and Green River (Wyoming) have each furnished a pair of specie~, 
the species from Oeningen being referred to Anthribites, those from 
Rott to Choragus and Tophoderes, and those from Wyoming to Bracby-
tarsus and Oratoparis. In addition, Berendt mentions a species of 
Anthribus from amber. 
2. Family Scolytidre. 
Not altogether rare in the Tertiaries, being found in the earliest de-
posits that have yjelded insects: amber, Aix, and the Green Ri-r-er 
shales. A species of Platypus is described from Prussian and another 
from Sicilian amber; one specie~ each of Trypodendron and Dryocrn-
tes, from Wyoming. Serres mentions species of Scolytus and Hylurgu 
from Aix. Heer describes a Hylesinus from the same place and .Menge 
speaks of three species of this genus in his amber collection, beside 
larvm of the same. Berendt and Serres also mention its occunence in 
amber and Germar describes a species from the same deposit under the 
generic name Hylesinites. 
3. Family Calandridre. 
A few species of this family have been recovered from the Tertiarie~. 
Heer describes two species of Oossonus and one of Sphenophoru fror;; 
Oeningen. Oustalet describes one of the former from Aix aud H eyuen 
one of the latter from Rott. Besides this, the only reference i to 
species in amber, referred by Pictet to Calandra. · 
4. Family Curculionidre. 
In attempting to bring together the cattered reference 
allied families of Rbynchophora H bas often been impo ' ible, from 
nature of th reference or tbe ob curity of the fossil remain to 
mine to '!hich family it belong d; o far a po ible they ha, 
parated, but where no clew coul<l be obtain d they barn b n bro 
trnd r the bead of the pre ent family. 
W ha"'e in tbi group om of the old t Coleoptera J~nown. 
• peci ( Ourculionite. prodronms Ileer) com from th Tria 
tbc unmi takable tamp of tbi group. Two oth r de crib 1 Y 
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occur in theRhaetic of Sweden, but are represented only by elytra. The 
Lias of Switzerland has furnished the same author seven species, of 
which he has figured a couple under the generic name of Curculionites 
and Sitonites. They occur also in different parts of the oolitic series, a 
species of Curculionidimn being figured from the Stonesfield slate of 
England, and several species of Curculionites and one of Hypera from the 
Purbecks of England. Finally Heer figures two species from the Green-
land Cretaceous under the genera Curculionites and Archiorhynchus. 
Corresponding to this we find the family one of the very richest in 
species in the Tertiary rocks. About one hundred species have already 
been indicated, referred almost exclusively to existing genera; probably · 
a nearly equal nµmber have been found at Florissant alone, and of the 
amber species little is known. Menge mentions sixty-three specimens in 
his amber collection; Uustalet describes a species of Balaninus from Aix, 
and Deichmtiller one from Kutschlin; Pictet mentions a Baris from Aix, 
and Scudder describes a Eurhinus from Florissant. Fliche found the re-
cent Mononychus punctum-album in peat at J arville. Oustalet describes 
a Creliodes from Aix and Heyden a Ceutorhynchus from Rott. Distinct 
species of Cryptorhynchus have been found in Wyoming, at Aix, and at 
Rott. Heyden describes an Acalles from Rott, and Deichmiiller a Chal-
coderm us from Kutschlin, while Hope and Serres indicate a Rhino bates 
as occurring at Aix. A singJe species of Nanopbyes has been described 
from Rott, one of Gymnetron from Green River, and Serres indicates 
a Oionus from Aix. The Tych_iini are represented by a Sibynes at Aix 
and a Tychius at Rott; the Anthonomini by a Rhynchamus at Aix and 
an Anthonomus_ at Florissant; two species of Magdalis are described 
by Heyden from Rott; Oustalet describes a Bagous from Corent, and 
from Aix one species each of the genera Hydronomus, Tanysphyrus, 
and Erirhinus. Notaris and Dorytomus have also been mentioned from 
.A.ix, and the latter as well as Erirhinoides from amber. Heer describes 
two species of Lixus from Oeningen, a genus also occurring at .Aix. Rey-
den describes a Rhinocyllus from Rott. No less than thirteen species of 
Cleonus are described from Aix, Oeningen, and Corent. Besides an 
extinct genus, Cleonolithus, described by Bassi from Sinigaglia, a new 
genus :Meristos is described by Murray from Nagpur in India. Species of 
Larin us are mentioned by Heer and Heyden from the Miocene deposits of 
Oeningen and Rott and the same genus was recognized by B·urmeister 
among the insects of Aix. Eight species again of Hylobius have been 
obtained from various localities in Germany, Switzerland, France, Italy, 
and Wyoming, as well as indicated from amber; a species of Plinthus is 
found at Aix, another at Corent, and one of Pissodes at Sieblos, besides an 
indication of the latter in amber; two species of Pbytonomus are found 
at Aix, another in amber, four of Hipporhinus, and one of Hypera, also 
from Aix. Two species of A.pion have been described b~· Heer and by 
Heyden, from Oeningen and Rott, respectively, and other species are 
mentioned by Berendt as occurring in amber, and by Serres at Aix. 
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Oustalet also describes a Ooniatus from Aix; Heyden, a Eurycb.in 
from Rott; and five species of Si tones are described from Oeninge]1 
Rott, Aix, and Wyoming. Besides these we have eleven specie I 
"Ourculionites" of uncertain position, mostly described by Heer, fron 
Oeningen, Radoboj, Schossnitz, Corent, Aix, Corfe, and Spitzbergen 
References to Rhynchophora are also made from the following localities 
not otherwise mentioned: Antrim, Dorset, Bournemouth, Lexden, the 
Isle of Wight, the British Isles, and Nagpur (India), where they form 
the larger proportion of those found. 
5. Family Otiorhynchidre. 
The only references to the occurrence of this family in Mesozoic de-
posits are an Anisorhynchus described by W eyenbergh from Solenhofen 
and a fragment of an elytron from the Cretaceous of Bohemia, which 
Fritsch figures under the name of Otiorhynchites. 
In Tertiary deposits they are numerous, though not so numerous as 
the preceding family, bearing perhaps the same relation to them, in 
point of numbers, as at the present epoch. Phyllobius, Polydro~ns, 
and Thylacites are all said by Burmeister to occur in amber, and the 
last genus has been found by Deichmiiller at Kutschlin. Heer de-
scribes a N aupactus from Oeningen and S-erres says one occurs at .Aix. 
Heer also describes a diluvial Laparocerus from Madeira, Scudder a 
Eudiagogus from Wyoming and an Entimus from Utah, while Smith 
mentions a species referred doubtfully to Strophosomus as found at 
Peckham, England, in lower Eocene beds. A species of Ophrya"te 
and two of Otiorhynchus are described from Wyoming:, and Heer men-
tions four existing species of the latter genus as found in the glacial 
clays of Schwerzenbach, Switzerland. Heer also describes an extinct 
genus, Pristorhyncbus, from Oeningen. Finally, of the Brachydermi: 
Heyden describes a Liparus from Sieblos, and Curtis mention , -while 
Giebel describes, one from Aix. Three species of Epicrerus are recog-
nized from Wyoming1 two of Anisorhynchus from Kutschlin and Co-
rent, and two of Brachyderes from .A.ix. ~ o extinct genera of th:-
tribe are yet recognized. Many unpublished forms of this family occur 
at Florissant. 
6. Family Byrsopidre. 
Four existing genera of this group have been recognized in Tertiary 
rocks. Of Brachycerus four species are de cribed, from Oeningen trr • 
from Gergovie and Aix one each, and from Aix Serre recognized t 
species a of this family, one of wbich Oustalet sugge t may be Hi 
rhinus Heeri Germ. S rr al o refer to a feleu at Aix, and a 
of Brachymycteru ba been <l cribed from Rott. 
Heer d crib 
7. Famil Attelabidre. 
cie of tt labu , from Oening n. 
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8. Family . Rhynchitidre. 
Oeningen and Rott have each furnished two species of Rbynchites, 
and to the same genus have been referred single nndescribed. species 
from amber and Aix; in addition to these, a species of Antliarhinites 
bas been described from Oeningen and one of Eugnamptus from Wyo-
ming. 
2. Series HETEROMER.A. Dumeril. 
1. Family Stylopidre. 
Une of the most curious results of Menge's studies of the amber fauna 
was the dii;;covery of an extinct genus of this abnormal type of beetles, 
which in its earliest stages lives parasitic in the abdomen of winged 
bees and wasps. A single male specimen was found, which, on account 
of the trifid antenrn£, he named Trioona. 
2. Family Rhipiphoridre. 
Heyden describes a Myodites from Rott and Stein a Rhipidius from 
amber. Berendt and Menge also mention the existence of Rhipiphorus 
in amber. 
3. Family Meloidre. 
The occurrence of this family in Mesozoic rocks is exceedingly doubt-
ful, the only claim to it being in a figure published by Weyenbergh, 
without comment, of a very obscure object from Solenhofen, which he 
names Meloe bavaricus. 
As to the Tertiaries, Heyden describes a Mylabris from Rott; Heer, a 
Lytta and a Zonites from Oeningen and a l\ieloe from Radoboj ; the 
last genus and Oantliaris are also mentioned by Goldfuss as occurring 
on the Rhine, and by Menge, Berendt, and Burmeister as found in 
amber. Hammerschmidt exhibited a. species of this family from amber 
at Vienna, which Redtenbacher looked. upon as the type of an extinct 
genus, and Menge states that among the Oantha.1·,idw of his amber col-
lection are found beautiful and remarkable objects. He also states that 
he possesses one specimen of amber" ·with seven reddish-yellow larvoo 
resembling Meloe larvre at the stage when t,hey live on flowers and tlieu 
attach themselves to bees; but they possess only two claws at the tip 
of the two-jointed. tarsi." A good many specimens of this family have 
been found at Florissant. 
4. Family Pyrochroidre. 
Berendt includes in bis list of amber insects a species of Pyrochroa. 
5. Family Anthicidre. 
This family is not VP.ry rare in amber, Menge's collection contain-
ing twenty-seven specimens; but none have been described, Berendt 
(69) 
70 REVIEW OF FOSSIL INSECTS. 
only mentioning an Anthicus. A species of this genus ha 
described from Aix by Oustalet. 
6. Family Mordellidre. 
a 
This family also is abundant in amber, but none have been de c 'bed 
excepting ilfordellina inclitsa Germ. Berendt also mentions Morde laas 
occurring in amber. 
7. Family CEdem,eridre. • 
Berendt mentions ffidernera in amber. 
8. Family Pytbidre. 
BerP-ndt includes Anaspis among the amber insects of Prussia and 
Guerin mentjons a species in Sicilian amber. Heer also describes a P.r-
thonidium from the Miocene of Spitzbergen. 
9. Family Melandryidre. 
Besides a species of Mycterus described by Heer from Oeningen, we 
have a Scraptia figured by Guerin from Sicilian amber, and a Hallo• 
menus or Orchesia mentioned by Berendt from Prussian amber. 
. 10. Family Lagriidre. 
F. Smith refers au amber insect figured by him to a genus allied to 
Statira. 
11. Family Cistelidre. · 
This family occurs in the Mesozoic rocks, Heer describing a specie 
from the J.;ias of Scha,mbelen under the name of Gistelites insig11,is. 
In the Tertiaries little is known of them. Berendt mentions Oistela 
as found in amber and Heer describes a species of this genu from 
Oeningen, as well as four species, which he refers to Uistelite . from 
Greenland, the island of Sachelin, and Oeningen. 
12. Family Tenebrionidre. 
An elytron found in the Lower Lias or Rbaetic of Hildesheim i fig· 
ured by Roemer under the na,me Helopicles. A specie of Tenebrio i~ 
describe<l by Weyenbergh from the middle Oolite of Solenhofen, but th 
upper Oolite of England ha furni 'heel a con iderable number of pe i 
nine of which ha'\"'"e been referred by Giebel or by We twood to Tent. -rin · 
Pimelia, Blap and Blap ·ium, Tenebrio, Orypticu ' , Helopium. H 1 
pidium, and Diaperidium. They are mo "tly compo ed of fragm : 
elytra. ( e , al o, page 106, note.) 
Uon iclering it , extent at th pre ent day and th tol rable rnri • 
I· ozoic tim , th repr . entation of thi famil,y in th T r · ri 
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not rnry large. The Rhenish brown coal has furnished species of Bol~-
tophagus, Tenebrio, Uloma, Gonocephalum, and Platydema; Tenebr10 
is also recorded from British Columbia, and Boletophagus, as well as -
Hopatrum, from amber. A recent species of the last-named genus, H. 
Babuloswn, is stated by Meyer to be found in the marls of Hochheim. 
Aix bas also been credited with a species of Hopatrum, as well as with 
Asida and Sepidium. Species of Helops have been found at Eisleben, 
Lausanne, and Oeningen, and one, Helops wetteravicus, first described 
by Heyden, from Salzhausen, is said by Heer to occur also in Greenland. 
An extinct genus, Tageiiopsis, is described by Heer, from· i.Jeningen, and 
Helopini are said by Westwood and Brodie to occur in the English Ter-
tiaries. .A.bout twent,y species of Tenebrionidre have been found at 
Florissant, but they are not at all abundant in individuals. 
3. Series PHYT0PHAGA 'Dumeril. 
1. Family Bruchidre. 
All the fossil (Tertiary) species of this famiiy have been referred to 
~xisting genera. The brown coal of th~ Rhine has furnished the great-
est number, viz, two species of Bruch us and one each of Oaryoborus and 
U rotlon. Oeningen has also its species of Bruch us and Oaryoborus, and 
a species of Brue-bus has been described from Utah and another in-
dicated from Aix. .A. dozen or more species of this family have been 
found at Florissant, only one of which, a Spermophagus, has been de-
.scribed. 
2. Family Chrysomelidre .. 
Fairly represented in Mesozoic rocks, beginning with the ·Trias, a 
species of Chrysomelites having been described by Heer from the Let-
tenkohle of Riitihard, in Basel. The Lias of England has furnished 
several figured but unnamed species, besides two referred to Chrysomela, 
and Heer figures from Schambelen a cot1ple of forms under the name of 
Eumolpites and Ohrysomelites, of which he says it is "difficult to say 
what kind of leaves they might have fed upon." The Oolite of Bavaria 
and of England has furnished also some six species referred to Ohry-
sornela, besides species of Oryptocepha1us and Oassida in the former. 
In the Tertiaries species of this family are very abundant and are al most 
exclusively referred to existing genera. Of the Oa.i;;sid-ini we have four 
species of Cassida figured from Oeningen, .A.ix, and Rott, besides many 
reference to the genm; at Aix, in amber, and in the Lexden peat. Of the 
Hispini, 1\1euge r,ays that Odon tota occurs in amber and Heer describes an 
Aooplitis from Oeningen. Of the Galer1.wini we have an extinct genus, 
Oryctoscirtetes, in the Florissant b!3ds, besides tp.ree species of Galeruea 
de cribed from Radoboj and Oeningen, and numerous references are at 
hand to the occurrence of the latter genus and of Haltica in ambn. 
Adimonia was also found by Fliche in peat at Jarville and a Galerucella 
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by Scudder in British Columbia. The Clirysomelini proper 
more numerous: eight species of Chrysomela have been descri 
Oeningen, Aix, and amber, besides foiu species of Ohrysome i 
Alaska, Greenland,and Spitzbergen. Nume~ous references to th 
renceof Chrysomela .in amber occur-a genus which, according to 
is the richest in numbers of all Chrysomelidre; he even record 
larvre of this genus similarly entombed, and its occurrence at .Aix din 
Lexc!.en peat is also on record• Wollaston also found in the Lex den Fa: 
a species of Oreina and thre~ species of tlle same genus are de c ·bed 
by Heer from Oeningen; three species of Lina are :figured from Oeningen, 
Rott, and Salzhausen, a species of Plagiodera from Rott, and four penies 
of Gonioctena from Oeningen, .A.ix, and Schossnitz. Oolasposoma o.ne 
of the Eitmolpini, is credited to amber by F. Sm{th. Oryptocepbalu is de-
scribed from Wyoming and is said by Menge to occur in amber. Of the 
Glythrini, Heyden describes a Labiostomis from Rott and a Clythra from 
Salzhausen, while Heer describes a second Olythra from Oeningen. Of 
the Griocerini, two species of Lema are :figured from Salzhausen and 
Oeningen and two of Crioceris from Aix and amber. Of the Donaciini. 
Berendt says that Hremonia occurs in amber and six extinct species or 
Donacia are described from the Quaternary at Sonnaz and Leife, and 
from the older formation of Schossnitz, Oeningen, and Spitzbergen. .J. 
many existing species are recorded from the Quaternary deposits or in-
terglacial clays of Leffe in the Va.I Gaudino; at Cham bery, La Boise, and 
Ardres, in France; at Lausanne, Utznach, Dtirnten, and Schwerzenbacb~ 
in Switzerland; at Hosbach, in Franconia; anrl at Durcbheim, in Pfalz: 
besides which, undetermined species are mentioned from similar deposits 
in Flanders; at VillecMtif and Vannes, in France; and at l\fondesley, 
in England. Chrysomelidre of undetermined genera are recorded from 
Creech, Schossnitz, Herault, and Florissant, the last place furni bing 
over twenty species. 
J. Faillily Cerambycidre . 
• 
The lower, middle, and upper Oolites are all credited with ome 
species of this family. Two species of Prionus are found in the lower 
members in England, and one of these also in the Dobbertin Lia-: 
Leptura, l\fesosa, and Saperdites all occur at Solenhofen, and Prioaa-
and Lamia, fo the English Purbecks. These are nearly all recognize 
by the elytra alone. Besides these Geinitz has described and fign 
iu the Quadersandstein of various localities in Saxony boring of bee 1 
in fossil wood, which are credited to insects of this family under r 
name of Ceramb:vcites. . 
A con iderabl~ variety, though no great number of pecie ha b 
found in the Tertiary d~po it ; with few exception they barn b 
ferr d to exi ting genera, and the e exception, all occur in the L 
nc.e. Thu Deichmiiller refer a pecie from Kut cblin to ~fPsu~Hc-;:~. 
cu<lder one from Flori ant to Parolamia, and Jiot..,chuI -ky in 
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an amber species under the name of Dorcadion )ides. Allied to these 
Heer describes a l\iesosa and a Lamia from Oeningen, Heyden a Lamia 
and Dorcudion from Rott, and Berendt states that Lamia occurs in am-
ber. Heer describes also two species of Acanthoderes from Oeningen 
and HPyden an Oberea from Rott, ,vhile four species of Saperda are de-
scribed from the Miocene deposits of Oeningen and the Rhine and the 
same genus is recorded from amber. Casts of large insect larvoo are 
also sometimes found in amber, one of which is referable to Saperda. 
Such casts are generally very rare and have indeed not been known a 
great while. They all belong to larvoo of this family and the next. Of 
the Oerambycinm proper, Leptura is recorded as found in amber, both as 
larrnand imago. Necydalis also occurs in amber,tbree species of Olytus 
are described from Oeningen and Aix and a Trachyderes from Sieblos. 
0brium and l\folorchus are recorded from amber and two species are 
described from the Rhenish brown coal under the name of Hesthesis. 
Cerarnbyx has been found in amber, both as imago and larva, and is re-
corded also from Oeningen, Aix, and the Rhine. Heyden describes a 
Hy lotrupes from Rott and Heer two species of Callidium from Oeningen ... 
Species of this last genus have also been referred to as found in amber,. 
at A.ix, and in the Quaternary deposits of U tznach. Fifteen or twenty, 
undescribed species of this family occur at Florissant. 
4. Family Spondylidre. 
Two species of Spondylis are described by Giebel and Germar from 
amber and the Rhenish coal, aml Goldfuss states that a Parandra is 
found. in the latter. Tlle lar\""a also of Spondylis occurs in casts in 
amber. 
4. Series LAMELLICORNIA Latreille. 
1. Family Scarabreidre. 
A few representatives of this family have been found in Mesozoic de-
posits, and even as far back as the Lias, ~hich has furnislled in England 
a fragment referred to Melolontha and in Switzerland a bmaller form 
called Aphodiites. Besides these we have in the Oolite of Solenbofen 
species whicll have been refer~ed to Oryctes and Cetonia, and possibly 
some of the other larger beetles from those deposits will prove to belong 
here. Scarabmides deperditus Germ. belongs to the hemipterous family-
BelostomidIB. The Carboniferous fossil from Altenwald, described. 
uuder the name of Troxites, is probably a fruit. 
Species of this family are abundant in the Tertiaries and are almost 
without exception referred to existing genera. Among the Oetonini we 
have five species of Tricbius and one of Valgus, descrited by Heer, from 
Oeningen. Serres speaks of members of this group as occurring at 
Herault and Curtis catalogues a Cetonia from Aix. Of the Dynastini,-
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two species of Pentodon are described from Rott and Oeningen and tt 
last has furnished a Scarabams, a genus also recognized by Bertran1, 
at Glarus. Among the Rutelini Heyden describes an Anop!ogn thlll ' . from Rott, and four species of Anomala are figured from Oernngen anu 
Rott, while a new genus, Anomalites, is estabHshed by Frie for a fossil 
found lying in a very natural position in a cavity of the Sii swa.:: er-
<}Uarz of Nogent-le-Rotrou. Among the Melolonthini Flicbe recognizes 
the recent Rhiwtrogus solstitialis in the peat of the Flemish coa t and 
Heer describes an extinct species from Oeningen. Heer recognize the 
the modern Melolontha hippocastani in the glacial clays of Sch werzen-
bach and describes a fossil form from Greith, and Novak another from 
Krottensee; while, for six other forms from Oeningen and Parscblug, 
Heer establishes the new genus Melolonthites. Serres also recognizes 
Pacb;ypus among the Aix relics. Of the Sericini we have only a Lep-
itrix and a Serica described by Heer from Oeningen, besides a species 
•Of the latter genus mentioned by Giebel as found in amber. .A. species 
-of Glaphyrus from Oeningen is the only representative of the Hoplini 
and one of Trox from British Columbia of the Trogini. The Geotrupin i 
.are more abundant, and include an extinct genus, Ooprologus, described 
by Heer from Oeningen, a Bolbocerus from Kutschlin, with four extinct 
species of Geotrupes from Aix, Oeningen, and the Rhine, besides three 
-existing species of the same genus in the Pleistocene of Vannes and in 
the peat below the till in Edinburgh. A species of Hybosorus from 
,oeningen represents the Hybosorini, and six species of .A.phodius de• 
scribed from Oeningen, amber, Rott, and the bone caves of Pennsylva-
nia, besides the mention of one from the Polirschiefer of Habichts-
wald, represent the Aphodiini. The Coprini, again, are both abundant 
.and varied. Oeningen has furnished five species of Onthophagus, three 
-0f Gymnopleurus, two of Copris, and one each of ·Glaphyrus and Oni· 
ticellus. Curtis also recognizes Copris lunaris L. in the Pleistocene of 
Mu.ndesley and Oustalet describes an Onthophagus from .Aix; beside 
these, Horn recognizes in the relics from the bone caves of Penns.vlrn· 
nia species of Phanreus and of Chreridium. Heyden describes an Oniti~ 
from Rott and Serres recognizes Sisyphqs at Aix. Some thirty specie~ 
of undetermined genera of this family have been found at Floris ant. 
2. Family Lucanidre. • 
Gerrnar describes a Platycerus from the Rhine, Deichmi.iller a Dorcn.s 
from Kutschlio, and :Mot chulsky figure a Dorca -oi<le from amber. 
Platyceru i ~ al, o recognized in aml>er by Berendt, Dorcu in the Eocene 
of the Isle of Wio-ht by "\Voodward, and Lucanu in the Rbeni h co 1 
by Goldfu and by Gi bel. l\Ienge al o mention the occurrence of 
iugle Lucanid in bi , amber collection. 
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5. Series SERRIC0RNIA Latreille. 
1. Family Cioidre. 
This little family is represented by a Cis and by a Microzoum described 
frorn Rott by Heyden. Berendt also recognizes Cis in amber. 
2. Family Lymexylidre. 
Heer names, but neither de.scribes nor :figures, Hylecmtus cylindricus, 
from Jeningen; besides this, Atractocerus and Lymexylon have been 
recognized in amber, the_ latter in both the ima-go and the larval state. 
3. Family Cupesinre. 
Motschulsky notes in,amber a species which he calls a Cupoides, from 
its resemblance to Uupes, and the latter is mentioned in his list of amber 
insects by Berendt. · 
4. Family Ptinidre. 
Brongniart describes from the Cretaceous of Lottinghem a fragment 
of "ood with perforations of a beetle, which he ascribes to a Bostrychus. 
The same genus is recorded as occurring in amber by Burmeister, 
Hope, and Menge, the last recognizing the larva as well as the imago. 
Lyctus and Apate are also both saiu to occur in amber, and the latter 
at Aix as well. Of the Anobiinre, Dorcatoma, Anobium. and Ptilinus 
-are recorded from amber, the first also in a larval condition. Anobium 
is stated to occur also in the Isle of Wight, and three species, as well 
as one of Sitodrepa, are described from Wyoming. Ptilinus is · also 
mentioned by Heyden as found at Salzhausen, and the same author de-
scribes an extinct genus, X:yletinites, from Hott. Among the Ptininre, 
two species of Ptinus are described by Heyden from Rott and Stosschen 
.and the genus is also recognized in amber and at Aix. Eight or nine 
species of the family occur at Florissant. 
5. Family Cleridre. 
Heer describes a Clerus from Oeningen and Giebel one from amber. 
:\Ienge's amber collection contained fourteen specimens of this family 
.and Berendt catalogues species of Corynetes, Opilo, and Tillus. A 
single species is found at Florissant. 
6. Family Malachidre. 
Heer describes a Malachius from Ueningen, and this genus, Dasytes, 
.and Ebams have been found in amber. · 
7. Family Lampyridre. 
Heer states that three species of this family have been found in the 
Lias of Scharnbelen and one of Brodie's species from the Lower Lias ot 
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Forthampton is referred by Giebel to Telephorus. In the Lower P m-
becks of Durdlestone Bay Westwood figures a so mew hat similar form 
under the name of Ielephorium abgarus. 
The family is moderately abundant in the Tertiaries and the specie~ 
are all referred to existing genera. Telephorus claims nine describe 
species from Oeningen, Rott, and Radoboj; Chauliognatbus, Lampyri 
· and Luciola, one each from Florissant, Oeningen, and Rott, respectively. 
Lampyris is also stated to occur in amber. as are also Lycus and Mal-
tbinus. · 
8. Family Buprestidre. 
This family appeared as early as the Trias, a species of Glaphyroptera 
and one of Buprestites being described by Heer from Vadutz ; the 
Rhaetic also has a species from Sweden referred to Buprestites. I t was 
already abundant in the Lias, where no less than thirty-three species 
and seven gene~a were recognized by Heer at Schambelen; indeed, no 
other family contained half so many species, and it compris~cl more than 
28 per cent. of all the Ooleoptera. Two of the genera specified, Euchroma 
and Melanophila (2 sp.), are existing types, but Glapbyroptera (6 sp. ), 
Micrantbaxia (2 sp.), Buprestites, aml Chrysobothrites are extinct type • 
A large proportion of these species are undescribed. A species ofBupre · 
tites is also recognized by Heer in the Lias of Pecbgraben, Austria. 
and one is figured by Blake from the English Lias; four or five other 
Liassic species figured in Brodie's work are also referred to this fam ily, 
some under tlle name of Ancylocheira. The Oolite of Bngland furni he 
several species, referr.ed mostly to Agrilium, Buprestis, and Buprestid-
ium; and consisting largely of single elytra,, while in the Oolite of So-
Jenhofen the genera Bnprestis and Ohrysobothris have been recognized. 
A.I though abundant i11 1'ei-tiary deposits, this family is not so predomi-
nating as its vast history in the Mesozoic period would lead us to antici-
pate. It contains, however, a larger proportion than usual of generic 
types deemed extinct, Murray finding one, Lomatus, in the Tertiary de-
posits of Nagpur, in Central India, aad Heer three. Prot9genia, Fii linia, 
and Buprestites, the last with three species, at Oeningen. Heer al o find~ 
species of this latter gen us at Sieblos, Bovey Tracey, and in Greenlan • 
and Giebelfourotherson the Rhine. Among modern genera wehaveAgri-
lus, single species described from Rott and others recognized at Ore c 
and in amber; Acmreo<lera, twoRpeciesatOeningen; Sphenoptera,one e-
cies each at Oeningen and at Salzhausen; Cbrysobothris, one pecie ea 
atStosschenand atFlorissant; Anthaxia, seven specie atOeningen. • lz. 
hau en, and Naumburg; Dicerca, five specie at Oeningeo, Salzhan: 
Rott, and Naumburg; Peroti , five pecies at Oenino- n, Rott, and :U 0 
Bolca; Ancylocbeira, ten pecie in the ame localitie ; Bupr ti -• ei!!'h· 
peci · in the Rlieni h coal and Briti 11 Columbia, be ide nnnam 1 
·ie at ix and in amb r, both in th imago and the larval conditi 
.1apnodis with thr e, 'ha] opbora with two and Eurytbyr a wi h 
('iG) 
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vecies, at Oeningen. Besides these, references have been made to the 
-0eeurrence of unmentioned genera of the family in the Eocene of Borne-
mouth, Creech, and Dorset and in the peat of Lexden, in England, and a 
considerable portion of the beetles of Nagpur, in India, are referred here. 
"Ibey are rare in amber, Menge having but four specimens in bis collec-
tion of over eight hundred Ooleoptera. At Florissant, in Colorado, 
about thirty species have been found. 
9. Fa~ily Throscidre. 
Heer figures Trixagites floralis fron1 the Lias of Scbambelen and 
.Berendt catalogues Throscus from amber. 
10. Family Elateridre. 
This family is abundant in Mesozoic rocks, commeneing with the Lias, 
where, in Switzerland, ten species are recognized by Heer, some of which 
.retain to some extent the coloration of the elytra. Megacentrus and 
Elaterites are the names given by Heer to the only two species he has 
iigured, and the latter genus is also recognized by him in a species from 
the Jura of Irkutsk, Siberia. Roemer describes under tlie name of 
Elateropsis a species from the Rhaetic of Hildesheim, and the English 
Lias has furnished half a dozen species figured by Brodie and named 
by Giebel, all as of the genus Elater. Three species of Elater and one. 
•of Lacon are credited to the Solenhofon Oolite, and seven species of 
Elater and Elaterium to the English Purbecks. 
The family wa8 abundantly and variously represented in the Tertia-
ries, but the number of species referred to extinct genera is relatively 
small. Heyden describes Silicernius from Rott, Giebel Elaterium from 
Corfe, and to Elaterites are referred by Heer and Deichmiiller four spe-
des from Oeningen, Greith, and Kutscblin; four species also are re-
·ferred to Elater from Oeningen, Spitzbergen, and amber, and numerous 
references to the same genus are made from Aix, Utznach, Mundesley, 
Peckham, and Basel. Oeningen has besides furnished among the true 
Elaterini (to which it is probable all the foregoing refer), species of Dia-
~anthus, Iscbnodes, Corymbites, Cardiophorus, Lacon, Ampedos, Limo-
nius, and Adelocera, of which genera Cardiophorus and Limonius are 
recognized in amber, and a e.pecies of Oorymbites described from vVyo-
ming. Oxygonus bas two species in Utah, Cryptohypnus one in Wyo-
ming, besides being recogniZf~d in amber, and Campsosternus one at . 
Kutschlin. Among the Eucnemini we have only an Epiphat\ ii/ft'6m 
Utah and the genera Microrhagus and Eucnemis recognized i:p amber. 
Elateridre of undetermined position have also been recognized a_t Floris-
ant and in British Columbia and in amber. Menge had no ll)~ss than 
one hundred and thirty specimens in his amber collection, and n~arly as 
many are known from Florissant, including a gr_eat many specie ,, 
(77) 
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11. Family Dascyllidre. 
A minute species of Cyphon, figured by Brodie and n am . 
has been found in the Purbecks of England and recogniz 
Geinitz in the Lias of Dobbertin. 
The same genus has been recognized in' the Prussia n am 
the Tertiaries of New South Wales. Scyrtes is also catalogu 
rendt from amber; the genus Ptilodactyloides was founded on 
also found in amber, and Atopa bas been recognized at A ix. 
6. Series Cl.A VICORNIA Latreille. 
I. Family Parnidre. 
Giel 
also 
An el_ytron from the English Purbecks, referred don btfully t o .Lim, 
11ius by Brodie a,nd described by Giebel as an Elmis, is the only nfer-
ence to this family in the Mesozoic. 
2. Family Byrrhidre. 
Five species of this family, of which three are named and two of tht~ 
figured under · the generic title Byrrhidium, have been recognized b,r 
Heer among the Lias insects of Scham be Jen. 
Scarcely more than this is known of the family in Tertia ry time& 
· Three species of Byrrhus are described from Rott and Oenimren, ana 
the same genus and Limnichus are recognized by Berendt a mong tht 
insects found in amber. 
3. Family Lathridiidre. 
A single species, Lathridiites Schaumii Heer, is found in the L ias of 
Sch am be1en. 
In the Tertiaries Heer describes a Oorticaria from Aix an<l Berend t: 
specifies Lathridius in his catalogue of amber insects. 
4. Family Trogositidre. 
Heer recognized four species of this family irr the Liassic bed ~ at 
Schambelen, but.figures only one, for which be establishes a new genu. · 
Oyc1oderma. 
Trogosita is recorded by Serres at Aix, and nine species of the ._ar...1e 
are described from Oeningen, the Rheni h basin, and Greenland : .. 
upr,,\}fo1:, of Peltis are al o de cribed from Oeningen and Rott, and ' eui · 
gen has furni bed a pecies of Gymnochila. 
5 Family Nitidulidre. 
Heer mentions v n pecie of thi farnil.r a found in tlle Li 
cha1 . t b l n, but m ntion i:fically only X-itill11.lite argor · 
Pet orophu tnincatu . 
/ 
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They are not very ahun<lant in the Tertiaries, consjdering the present 
extent of the family. Rhizophagus, Ips, Strongylus, and Nitidula are an 
said. to occur in amber, and six species of :Nitidula and two of Ampbotrn 
have been described from Ra.doboj and Oeningen. A species of Pro-
met-0pia from British Columbia and one of Phenolia from Wyoming 
complete the list, excepting that half a dozen undescribed species of 
different genera are found at Florissant. , 
6. Family Histeridre. 
The only Mesozoic representative is an obscure specimen from Solen-
hofen, referred by Weyenbergh to Bister. 
The same genus is represented at Oeuingen b~1 eight species; two 
species of Bister are found in amber,-according to Menge, and half a. 
doze:u species of undetermined po~'ition occur at Florissant. 
7. Family Dermestidre. 
This family has not been recognized below the Tertiaries, and is not 
abundant there, a single species of Attagenus having been described by . 
Heyden from Salzbausen and one of Dermestes by Heer from Oeningen. 
Both Anthrenus and Dermestes are, however~ said to occur in amber 
and two or three species of the family are found at Florissant. 
8. Family Mycetophagidre. 
A single species referred to an extinct genus, Prototoma, is stated by 
Heer to occur in the Swiss Lias and a species of Triphyllus is described 
by Oustalet from Aix. 
9. Family Cryptophagidre. 
Two species referred to an extinct type, Bellingera, figured by Heer 
from the Lias of Schambelen, represent this group in Pretertiary times. 
The only Terti~ry species known are an A to maria from Oeningen, an 
Antherophagus from Wyoming, and a CrJptophagus said to occur in 
amber. 
10. Family Cucujidre. 
Three species of Sylvanus and one of Passandra are said by Menge 
to occur in amber. 
11. Family Colydiidre. 
A species of Cery lori clescribAd by Brodie from the English Purbe~ks 
is the only known Mesozoic species. 
The Tertiary species are known only from amber, Stein describing 
two pecies of Botbrideres and Berendt cata.logu_ing Uolydrium. 
(79) 
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12. Family Erotylidre. 
A species of Mycotretus is described b.v Scudder from Wyomino, 
13. Family Endomychidre . 
. In amber have been found a species of Lycoperdina, according !o 
· Menge, and Motschulsky figures a species under the new generic t erm 
Phymophoroides. 
14. Family Coccinellidre. 
Either referred to Coccinella or simply to the family are two specif! 
from the upper Lias or lower Oolite of England, one in the middle Oolite 
· of Solenhofen, and three or four in the upper Oolite of England. 
In the Tertiaries we find a Lasia and a Sospita at Rott and tweln 
species of Coccinella about equaIJy divided between Oeningen and Rott 
and in no case recognized in both localitie8. Ooccinella has also been 
found in the Lexden peat and at Aix as well as in amber, where Menge 
records a larva. Scymnus is also recorded from amber and eight or 
: ten species of the family occur at Florissant. 
15. Family Phalacridre. 
Berendt catalogues a Phalacrus from amber. 
16. Family Scaphidiidre. 
An obscure fossil from Solenhofen is described and figured by Weyen-
bergh as a Scaphidium. 
In the Tertiaries Heyden figures a new genus, Seniaulus, from Rott. 
Heer de-scribes a Scapbisoma and a Scaphidinm from Oeningen and 
the latter genus ts recognized in amber. · 
17. Family Staphylinidre. 
Brodie :figures two rove-beetles from the English Purbecks, which 
Giebel describes under the ·genera Philonthus and Prognatha, re pect-
ively; these appear to be the only Pretertiary rnem bers of the fa mily. 
In Tertiary times, llowever, the family was abundant and had a varied 
representation, though all the generic types but two or three are recog-
nized as still existing. One of the extinct genera, Protactus Heer, with 
two species, was thought l>y him to represent a new subfamily group. 
Protaetidw, whose nearest relation were with the Homalini. Of thi 
latter type we have a pecie of AnthoJ bagu from Rott and a Homa-
liurn from Radobo,i, whil, l>otb gen ra are aid to occur in amb r. f 
the Oxytelini w ha,· two , p ci of Bledit1.::, from Oeningen and 
ming and two of Oxyporu from O ningen and Rott be ide both ti 
from am b r and from Oen in gen and tah two p cie of x. -r Ju • 
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Tacltyporiniare represented by asmgle describe speci 
from Rott though llot only this genus but Tachinu aud 1~ ·. . 
occur in a~ber, the :first-mentioned abundantly. Of U10 eccl r • \ • 
talet describes two species of an extinct genus whicll ll ',]I · 1 1_ l lll, 
from .Aix, a locality which has also furnished one speci ' a ·h ~h ·· 
nium, Lithocaris,and Lathrobium; the last-named genus lla, al 
described from 0eningen and Wyoming, and, beside , Il · 1 11 1 • 1 · 
scribed~Snniusfrom Rott and Berendt recognized aStilicu ' fr m ·~mb 
The Stenini are represented by three species of Stenu · fr 11 1 an 
Rott, and it has also been found in amber. :..,f the Staphyl inin · 
are Quedius with two species at Aix and Pllilonthus witlt thr r 
and Rott (both of these genera being recognized al o in amb ·r ) 
tholinus at .Aix, Leistotrophus in Utah, Staphylinites in v\ min · 
eight species of Staphylinus at Aix and Oeningen; this la ·t · nu 
also been recognized in both Prussian and Sicilian amb r, n th, 
of Wight, at Rott, and iu Italy. Finally, of the Aleocharini 1. -rm -
donia and Aleochara have been recognized in amber, a, sp ci f Il:-
gronoma bas been described from Aix, and one of Gyroph :. 11 · fr m 
Utah. Nearly thirty species of the family have been fon1Hl a 1 l ri · 
sant, but are not yet published. 
18. Family Pselaphidre. 
We know this family in a fossil state only from amber in lu -ion . 
Motschulsky recognized two· genera, which from tlrnir relation to livino-
forms he called Eupsinoides and Tmesiphoroides. Berendt uot ther 
the presence of Bryaxis, Euplectes, and Pselaplrns, and Menge that of 
Bytbinus. 
19. ],arnily Paussidre . . 
Menge mentions the occurrence of Paussus in amber. :Motschulsky 
figures from l\fonge's collection a J;pecies ,vbich he recognizes as a <lis-
tinct type, Paussoides, and Stein describes an Arthropterus • from the 
same. 
~O. Family Scydmrenidre. 
0ustalet describes a Scydmrenus from Aix, Berendt recognizes the 
same genus in amber, and Motschulsky mentions as found in amber a 
distinct type, Scydmamoides. 
21. Family Silphidre . 
.Au obscure Solenllofen fossiJ is figured by Weyenbergh as a Silpha. 
Besides this the only Mesozoic form is a fragment from the Cretaceous 
of Konnic, referred by Frie to Silphites. 
1 ThiR nau:.o i::i preoccupied in Lepicloptera. (Sclu:ank, 1801). It may be called LitLo~ 
]Jl:i.uea (?,Wo,, 1rAar11n. 
Bull31-6 
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Tbe family is poorly represented in ~e Tertiaries. Anisoto 
Catops are credited to amber and four species of Silpha are de 
from as many localities: Oeningen, Radoboj, the Rhine, and Spitz 1 
Besides these Heer bas recognized the recent S. ditspar Herbst i 
glacial clays of Sch werzenbach. Two other species of the famil., ~ 
been found in a single example, each, at Florissant. 
22. Family Hydrophilidre. 
This family was abundantly represented in Mesozoic times. 
recognition is fo the Rhaetic, Heer describing a specimen of Hydrop~· 
ites from Sweden. In the Lias of Switzerland no less than fifteen P 
cies have been recognized by Heer, where, next to the Buprestidre, th! 
are the most abundant of beetles at Schambelen. Only a few of u 
species have been described or figured by Heer, but these have all be 
referred to extinct genera: Hydrophilites (3 sp.), Wollastonites. a ' 
Hydrobiites. The English Lias has also furnished a species referred 
by Giebel to Berosus, and the Purbecks of the same country sev-e~ 
species figured by Brodie and referred by Giebel to Helophorus (2"' • 
Hydropbilus (2 sp. ), and Hydro bi us, besides some unnamed form-
·w eyen bergh also looks upon the Scarabceides deperditus of Germar .. 
from tbe Oolite of Solenbofen, as a Hydrophilus, but it is rather 
Belostoma. (See p. 61.) 
The family is equally well represented in Tertiary times. A. specie.:; · 
Cercyon from British Columbia represents alone the Sphmridini. Oft 
Hydrobiini, an extinct genus Escberia, with two species, is described by 
Heer from Oeningen~ and has, perhaps, another on the Rhine; two 
cies of Berosus are known from Wyoming, four of Laccobius from 
Corent, Rott, and Wyoming, two of Philbydrns from the la t, an~ 
six of Hydrobius from Oeningen, Aix, Spitzbergen, and ,Wyomi 
The Hydrophilini are the most abundant, showing two species of Trop" 
tei·nus from Wyoming, six of Hydrous from Ueningen and Rott · 
eleven of Hydrophilus from Aix, Parscblug, Chexbres, antl Oenin 
besides the interglacial beds near Basel. Hydrophilus piceus L. ha • 
been recognized by Sordelli in Italian peat, and the genus bas been 
nized at Florissant and in tbe Isle of Wight. Heer also des~riu -
extinct genera, Hydrophilites and Hydrophilopsis, tLe former wi• 
species from Greenland, the second with one from OP.ningen, tow · 
Oustalet adds a second from Aix. Tbe Helophorini are repre ent 
two species of Helophorus from Oeningen and one of Oc11tbebin at Il 
7. Series ADEPIIAGA Clairville. 
. Family Gyrinidre. 
Tb . . e 
Il r in tz rlaud 
n l' I sp to G 
munb r of p cie 
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four of them, all but one Gyrinites. The two English speci~s are both 
figured by Brodie and named Gyrinus by Giebel. The only other 
Mesozoic form known is a Gyrinus from Solenhofen. 
They are not so abundant in the Tertiaries, the only extinct species 
known being three of Dineutes from Oeningen and one from amber re-
ferred by Motschulsky to a distinct genus Gyrinoides. Gyrinus is also 
recognized by Menge in amber and the modern G. natator L. and G. 
rnar-iniis Gyll. were found by Heer in the glacial clays of Switzerland at 
Schwerzenbach and Basel. 
2. Family Dytiscidre. 
This family has not been recognized in the Swiss Lias, but the En-
glish bas furnished a single species referred to Laccophilus. The Oolite 
of Bavaria and that of England each possesses a species of Dytiscus and 
one of Hydroporus. 
It is tolerably abundant in the Tertiaries, but all the species have been 
referred to existing genera. Oybister is represented by three species at 
0eningen and Loele, Eunectes by one at Oorent, Hydaticus by two at 
0eningen, Dytiscus by six at Oeningen and Hohgau in Miocene beds, and 
at Merla, Italy, in the Quaternary, besides which the genus has been 
recognized in the Isle of Wight Tertiaries, on the Rhine, and at Aix. 
Heer describes two species of Oolymbetes, from Oeningen and Radoboj, 
and one iR recognized at Aix by Hope; Heyden describes an Agabus 
from Rott and Menge says it occurs in amber, while Aymard quotes two 
species of Necticus as found at Le Puy. Heer again describes two spe-
cies of Hydroporus from Oeningen and a Laccopbilus from Spitz bergen, 
and the latter genus has been recognized in Utah. He;yden describes a 
Pelobius from Rott. 
3. Family Carabidre. 
This family is one of the most ftbundant in species, whether in Me~o-
zoic, Tertiary, or present times. it reaches back to the Rbaetic, Heer 
having found one species among those of Sweden examined by him, · 
which •he refers to the extinct genus Oarabites. In the Lias they are 
more plentiful, Heer having found eleven species at Schambelen, al-
though he has only named and figured four, of which be refers three 'to 
Carabites aucl one to the extinct genus Thurmannia. One of the spe-
cies of Oarabites bas also been recognized at Dobbertin, and an addi-
tional species in the Austrian Lias. Three species in the English Lias 
figured by Brodie are referred by Giebel to Harpalus. The Oolites have 
furnished a greater variety of forms, a dozen species from the English 
Purbecks having been referred by Giebel to Oarabus, Harpalus, Oymin-
dis, and Oamptodontus, and by Westwood to Harpalidium ; one species 
of Carabus also is found in the lower Oolite of England, and species 
referred to Carabus and Carabicina have been found in the middle Oolite 
(8:1) 
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of Solenhofen. Lastly, Frie figures under the name of Brachini tes a frae• 
ment of an elytron from the Cretaceous of Bohemia. (Se~ p. 106, not• 
In the Tertiaries this family is very abun<lant and varied, especial]: 
among the Harpalinm. In the Harpalini proper, Harpalus has eleH 
species from Rott, .A.ix, Oeningen, and Radoboj, besides the recent H. lll-
v-icollis in the glacial clays of Schwerz~nbach and others reported from 
amber and the Pliocene of M undesley ; Heer describes also one species 
each of Sin is andDichirotricus from Oeningen. Of the Ohlmniini we ham 
only the .genus Ohlamius, two species of which are known, one from azn. 
ber and the other from the bone caves of Pennsylvania. Of the Braehy-
nini, a single species of Brachynus from Oen in gen. Of the Helluonini, a 
species of Polystichus from .A.ix, another reported in amber, and one of 
Helluomorpha described from the same. The Lebiini are more varied 
and abundant: Motscbulsky has credited two extinct genera, Agatoide 
and Cymindoides, to amber, besides which Dromius and Cymindis are re-
. ported from the8ame; species of Cymindis are also described from Oenin-
gen and the Pennsylvania bone caves, and of Lebia from Salzhau en . 
.Among the Platynini, a species of Platynus has been found in Wyoming. 
another in the Quaternary beds of La Boisse, and a recent species, P. 
gracili~ Gyll., in the Pleistocene of Jarville. Heer has found an Ancho-
menus at Radoboj and Menge recognizes it iu amber, which al o har-
bors Calathus. Of the Lioinini, five species of Badister occur at Oenin-
gen, Horn finds two of Dicrelus in the Quaternary bone caves of Penn-
sylvania, and Wollaston recognizes Licinus in the Lexden peat. The 
Pterostichini are still more varied: three species of Pterostichu~ are 
known from Oeningen and the peat of"Wohlscheid, and it has also bee .. 
noticed in amber and in tl)e Pennsylvauia bone caves; two specie~ : 
.A.rgutor are d.escribed from Oeningen, and a recent species, .A.. vernal 
in the interglacial clays near Basel; another recent species, Omas 
nigrita, occurs in similar beds at Diirnten ; two species of Feronia 
described from Aix and one is said to occur in the Pleistocene of 
nach; four species of .Amara occur at Oeningen and Hocbheim one 
Stomis at .Aix, and a Loxandrns in the glacial clays near Toron► 
Canada. ·.Among the Pogonini we have two species of the extin 
genus Trechinites at Oeningen. Motschul ky recognizes another · 
tinct type, Trechoides, in amber, and Fliche finds the recent Pat 
excavatus in the Pleistocene of Jarville. Of the B embidiini only 
bidium has been found, but of it four specie , in amber, iu Wyom· · 
and at .A.ix, besides the recent specie , B. n·itidulum and B. obtu. 
peat at Jarville. A species of Panagreu , found at ix rep 
alone the Panagmini. When we come to the Oarabinm prop r 
among the Scaritin-i an interesting extinct type, GI nopt ru H 
re ented by a ingle .-:pecie at O >ning u · He r al ode crib a 
from Radob~j and Cli ina occur· in am r. Tb ebr 'in· ar 
nted by ·ebria, which ha one ·peci ea ·ll a O nin" u: 
in Briti h Oolurpbia, and ha been <let cted al o in amb r, 
(84) 
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Loricera from the glacial clays of Toronto, Canada, represents the Lo-
ricerini and three species of Cychrns, described from the Peunsyl,ania 
bone c;ves and from Wyoming, tbe Oychrini; while for the Oarabini no 
less than ten species of Calosoma are described from Aix, Oeningen, 
Locle and the Rhine eight species of Carabites from . the polar .regions, ' ' .. 0eningen, and Diirnten, and a recent species of Carabus, 0. arvensis, 1s 
found at Schwerzenbach; the genus has also "been recognized in amber. 
Other undetermined species of Carabidm have been reported from An-
trim and Herault, and some thirty species occur at Florissant. 
4. Family Cicindelidre. 
Bm1le reports a species of Cicindela in amber. 
C.-METABOLA Packard (ex Leach). 
Body generally small, cylindrical, distinctly triregional, and well con-
structed for swift or directed flight. Thorax highly organized and 
compact, the prothorax insignificant, the abdomen generally peduncu-
late. Month parts haustellate. Front wings membranous, generally 
larger, often much larger, than the hind pair, the veins generally dis-
tant and the membrane without reticulation. Metamorphosis complete; 
pupa inactive. 
5. Order DIPTERA Linne. 
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Body generally sma11, subcylinclrical,_ sometimes flattened above., 
completely triregional; the bead especially being connected with the 
thorax by a -very constricte<l neck, the integument delicately coriaceous. 
Antennre either long, filiform, aud generally simple, o~ short, with the 
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third joint inflated antl the remainder reducBd to two or three tarer-
ing joints or a bristle. Mouth parts adapted for piercing aud sucking, 
the greatly developed fleshly labium (whi0h is destitute of palpi) ·er-
ing as a gutter for the reception of th'e lancet-like maxillre and mandi-
bles. frothorax reduced to at mo~,t a mere co11ar on the front o 
the mesothorax, which latter is de'i'eloped at the expense of both the 
other parts of this region. Front wings membranous, never folded 
generally slender, with an inferior basal lobe, the veins in front crowded. 
behind distant, the cross-veins few and definitely placed; no reticula-
tion. -Hiud wings reduced to a club-shaped lamina. Legs very slender. 
Metamorphosis complete, the appendages of tlrn pupa free, but the 
whole pupa often undergoing its transfoq:nation within the larval skin. 
1.'hese metamorphoses are characterized. as orthorhaphic when the 
pupa escapes by a T-shaped vent in the larval skin and cyclorhaphic 
when it escapes through a circular opening forming a lid. Correspond-
ing exactly to this and to structural distinctions in the wing , the 
larva, which is apodal or vermiform, is either acepbalous, the firs+-
segment never being chitinous (Cyclorhapha), or has a more or le~~ 
perfectly developed bead (Orthorhapha). 
1. Division DIPTER.A. CYCL0RH.A.PH.A. Brauer. 
The only MeHozoic species (excepting a couple of Syrphidre) referred 
to this division of the Diptera, and possibly belonging here, is .Musca 
lithophila from Solenhofen, an object so obscure that it is not even ce · 
tainly a Dipteron. 
In the Tertiary rocks tbjs division is much more rare tban the othe. 
Diptera, and, with the exception of the Syrphidre, may be treated af 
whole. 
Four species of Musca, using the term in a broad sense, are de~cri 
by Presl from amber, and £cblotheim, Burmeister, and Gravenho · 
also refer to it in the same way. Larvre of this division, under the nam 
of Musca and Muscidites, are described from Utah and from the R i · 
A vast host of undetermined genera of several of the familie occur · 
Florissant. Our present knowledge, however, is largely depen 
upon amber. To take the series of families in their natural order we 
begin with tbePlwridre, whereLoewhasrecognized eleven~pecie ofP 
in amber, some of them differing greatly from modern form ; of the 
myzidre, a specieA of Agrornyza has been found at Radob~j and a l 
mine on Ulmu' at Schossnitz bas been referred to the ame g-enu Ly 
pert; of the Oscinidm, Cblorops occur in amber; of tbe JJro op/.· -
Dro ophila, fo amber; of the Eph,1Jdridre, Ocht ra at Ajx and E1 • 
in amber; of the Saprornyzidre, apromyz,1, in amber· of th L01 
on p cie each of Pallopt ra and Lonclirea de crib d from Bri · 
um ia · f the Trypetidr.e, ne •pe ie f T ph ri i, fr m ad 
tL Ortalidre an xtinct g nu Lithortali. from Briti h lumbi, 
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or ten species of this or the preceding family occur at :Florissant); of _the 
M·icropezidm, 0alobata (two species) in amber; of the Psilidre, an extmct 
genus Psilites described from Radoboj; of the Sc-iomyzidre, three spe-
cies of Sciomyza described from British Columbia; of the Helomyzidre, 
two species of Heteromyza described, one from Utah and one from WY-
-oming, and Helomyza recognized in amber; of the Oordyluridre, Sea-
tophaga in amber, Cordylura at Radoboj ; perhaps also Heer's Dipte,·-
ites obsoletitm belongs here (lVIassalongo's Dipterites Angelinii from Monte 
Bolca is quite unintelligible); of the Antho11i:11idre, six species of Antho-
myia described from Radoboj, Rott, and British Columbia, besides 
which Anthomyia and Eriphia have been found in amber and species of 
U11determined genera occur at Florissant; of the Muscidcc, Stomoxys is 
referred to by Giebel as occurring in the Tertiary (without specification) 
and Loew recognizes the family in amber ; of the Tachinidre, Tachina, 
Echinomyia, and undetermined genera in amber, and a species of Ecbi-
nomyia described from Oeningen; of CEstridre, (Estrus in amber and at 
Florissant, with possibly the larva from Oeningen described by Heer 
under the name of Dipterites obovatum; of Pipunculidm, Pipunculus in 
amber aud half a dozen species of the family at Florissant; of Oonop-
·idw, an extinct genus, Poliomyia, has been found in Wyoming, and a 
second, unnamed, has been briefly characterized by Loew from amber. 
Family Syrphidm. 
A very obscure object from Solenhofen is referred by Weyenbergh to 
Oheilosia, and Giebel refP;rs to a new genus, Remalia, a minute fly fig-
ured by Brodie from the English Purbecks, but its reference here is 
very doubtful. 
In the Tertiaries this family is more abundant and varied than any 
of the other families of Diptera cyclorhaplrn. Burmeister and Serres 
botll recognize Microdon at Aix, Pipiza has been described from Rott, 
Clleilosia from Wyoming, and seven species of Syrpbus from Oeningen, 
Radoboj, Rott, and Sinigaglia, besides which it has been recognized in 
amber. In amber, also, are found two peculiar genera allied to Oscia 
and Xylota, besides Cheilosia, Volucella, and Uriorrhina; Rhingia is 
noticed at .A.ix, Eristalis described from Utah, Helophilus and Mero-
don from the Rhine, and Milesia from Wyoming. Lastly some thirty or 
more species of various genera occur at Florissant, a considerable num-
ber of them in a remarkable state of preservation. 
2. Division DIPTERA 0RTH0RH.A.PH.A. Brauer. 
1. Section BR.A.CHYCERA Zetterstedt. 
1. Family Dolichopodidoo. 
This family is particularly abundant in a,m ber, Loew having_ counted 
not le s than 8ixty-eight species of the genera Dolicl1opus, Rhaphium, 
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Porphyrops, Psilopus, Medeterus, and Chrysotus. Giebel describes 
single species each of Medeterus and Chrysotus from amber, and c 
genus Dolichopus has been recognized at Sieblos and in Wyoming an 
British Columbia. · 
2. Family Empidre. 
Weyenbergh .figures a fly from Solenhofen under the name of .Empida 
Witlpii and a species from the W ealden of England .figured by Brodie 
is referred by Giebel to a new genus, Hasmona. 
All but one of the twelve genera which have been recognized from the 
Tertiaries are known from amber. Of the Tachydromina we have three 
species of Hemerodromia, five of Tachypeza, seven of Tachydromia, and 
one of Drapetis recognized by Loew in amber. Of tbe Empidina proper. 
Loew found twenty-one species of Rbamphomyia, sixteen of EmpL 
three of Leptopeza, three of Gloma, and two of a genus near Hilara all 
from amber; besides which Giebel describes two species of Empis from 
amber and two are described from. the Rhenish coal; the genus b • 
been · recognized also at Aix a.nd Heer describes an extinct genu , Hi-
farites, from that place. Of the Hybotina all again are amber specie 
Loew recording two species of Hybos and one of Brachystoma, while 
Giebel describes a species of Thirza. 
3. Family Cyrtidm. 
A species of Acrocera is described from Utah. 
· 4. Family Therevidre. 
One species of Thereva is described from the Rhine and three w 
recognized by Loew ju amber. 
5. Family Bombylidre. 
The only species known to· Loew from amber was a Corsomyia. 
Giebel describes a Lomatia and Burmeister mentions an Anthrax f 
the same. Anthrax is also said to occur at Oeningen and on the Rh. 
and Germar describes an Antbracida and a Phthiria from the R-· 
Berendt also recognized Born bylius in amber aD<l Schlotheim ay i 
curs at Oeningen. Florissant has a great variety of form of thi 
il.r, though the species are rare in h1dividual . 
6. Family Nemestrinidre. 
S rr m ntion a • eme trina at Aix, and a new genu 
j de cribed from Flori ant, which ha , be ide , e, ral otb r 
b 1on ino- to tlli. famil.) or to Iidaidre. 
(8 ' 
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This family is represented in the Mesozoic rocks by tLn insect in the 
Lower Lias of Forthampton, ~ng., :referred by Brodie to Asilus, and 
by one from the Uolite of .Solenhofen, called Asilicus by Germar. 
In the Tertiaries we have five species of Asilus described from amber, 
0eningen, and Radoboj, besides which it is reported from .Aix and Rott; 
of the section Dasypogonina, there is an extinct genus, Stenocinclis, found 
in Wyoming. Holopogon has an amber species and Leptogaster one at 
Radoboj; Dasypogon also is reported as found in both Prussian and 
Sicilian amber. This family and the following are abundantly repre-
sented at Florissant, and the former also occurs in British Columbia, 
and, according to the author of the Ittiologia Veronese, in ~taly. 
8. :Family Leptidre. 
Atherix and Leptis are the only genera of this family described as 
fossil; of the former four species were known to Loew from amber, of the 
latter five, and, besides this, it bas been recognized by F. Smith in the 
Eocene deposits of the Isle of Wight. 
9. Family Tabanidm. 
This family is rare in a fossil state. Loew found but a single speci-' 
men in amber, belonging to Silvius, and it bas not been otherwise re-
ported from that source. Heer figures a species of Hexatoma from 
0eningen. Aymard referred an undescribed species from Le Puy to a 
distinct genus, 1Ernoaipus. Tabanus has been~reported to occur in the 
Rhenish coal and at Aix and Malfatti finds a specimen referred to this 
family in the calcareous tufa of the Quaternary of Grone, Italy. 
10. Family Acanthomeridre. 
A single specimen of a species of Arthropeas was found by Loew in 
amber. 
11. Family Stratiomyidre. 
The larger part of the fossil species of this family have been recog• 
nized a,t Aix, where Giebel describes a new genus, Curtisimyia, and 
Hope figures an Odontomyia. Serres also recognized there species of 
Nemotelus, Oxycera, and Sargus. In addition to these, Oustalet de-
scribes .a species of Stratiomys from the Miocene of Pon tary, and the 
same genus has been recognized in larvre at Bernouville (Quaternary) 
and at Rott, and Beris by Giebel at an unmentioned Tertiary locality. 
At Florissant there are a half dozen species of different genera. 
12. Family Xylophagidre. 
Loew found in amber a large species of Xylophagus, two species of a 
new genus (Bolbomyia), one species of still another extinct genus (Habro-
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soma), and one species each of Electra and Chrysothemis; m o~ 
are known by single examples. ,Heer also describes a XyJopba=-
Aix, where Se,Tes had already recoguized its presence. 
2. Section NEM.A'I'OCER.A Latreille. 
1. Family Rhyphidre. 
A very fragmentary fossil from the English Purbecks is figur 
Brodie under the name of Rhyphus priscus, but is referred by Gie b 
special genus, Bria. · It is doubtful whether it belongs here; it i s i 
more probably a Chironomid. 
The family is recognized in Tertiary times by four species of R hy 
credited by Loew to amber, by the occurrence of the same genus i n 
lian amber according to Guerin, and by a species of the same descr-
by Heer from Radoboj. 
2. Family Tipulidre. 
Several species of Tipulidre are referred· to by Brodie, Westwo 
Buckman, and Murchison as found iu the Lias and Purbecks of E..- =· 
land, but in some instances wl10re they are figured they certainly belon= 
to other families of Nematocera. One doubtful species, called Tipular-
Teyleri, has been recognized by W eyen bergh in the Oolite of Solen h ofen • 
In the Tertiary beds no family of Diptera has attained such variety. 
although the number of individuals found has not been so large as, for 
instance, in the Bibionidre. It is also peculiarly rich in extinct genera. 
Of the Tipulidre with short palpi we ha~e a large number recognized 
by Loew in amber; such are: Rhampbidia, 4 sp.; Elepbantomyia, 3 P·; 
Cylindrotoma, 4 sp.; Trichocera, 2 sp.; Eriocera, 2 sp.; and Erioptera, 
14 sp.; besides the following extinct genera peculiar to amber : Tri-
choneura, 3 sp.; Oalobamon, 1 sp.; Haploneura, 4 sp.; Critoneura _,, 
sp.; Tanymera, 4 sp.; Tanysphyra, 1 sp.; Ataracta, 8 sp.; and Styr-
ingomyia, a genus also found in copal, 1 sp.; in addition Giebel de-
scribes· two species of Limnobia in amber and it has been reco~nized 
by a dozen other species at Radoboj, Aix, Oeningen, and on the Rhine: 
Erioptera also has one species at Rott and Tricbocera one at A.ix· in 
addition to which we have, of genera not represented in amber, a Rh·_ 
pidia at Radoboj and three species of Dicranomyia in Utah; Utah al -
furnishes three extinct genera,, Oyttaromyia, Spiladomyia, and Pr n 
phlebia, with one specie each. At least fifteen or twenty specie 
this group have been found at Flori sant. 
Of the otlier Tipulidro Loew found fa amber sixteen specie of · 
ula, one of l\facrochile, and four of Dixa • Berendt report al o A,le 
1 . ' I 1pula ha ' al ' O b en found abundantly in other place , about ~ 
8P >ci ha ing b en <le crib d from Radoboj, A.ix, Krotten ee. 
and ide, ha Yin · be n m ntioned from icilian amb 'r au 
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a larva at Sieblos. Nepbrotoma ha al o b ru er •dited to Ai by 
Serres, Ctenopbora described from Rott, and Ptycbopt r, from Krott u 
see. This division has beeu found iu .: till greater abundance than th(\ 
other at Florissant and is even richer in individual . The family i al ·o 
recognized by H. Woodward in the Eocene deposit of the I ' le of Wight 
and Aymard records two species of an extinct genus at Le Pny. 
3. Family Psychodidre. 
This family is known in a fossil state only from ,rn1 ber, in whic11 Loew 
has found eighteen species, a number which he thinks may be reduced 
by more abundant materia). Six specie8 of the existing genu, Psychoda 
are recognized, while the other genera are all peculiar to amber, Phalre-
nomyia with nine species, Diploneura with two, and Posthon with one 
species. Psychoda was also recorded among amber inclusion by Bur-
meister. 
4. Family Chironomidre. 
One would scarcely expect the delicate, minute flies of this family to 
be preserved from Mesozoic times, yet they seem to be not altogether 
unknown. Two species referred to Macropeza are :figured, one by Gei-
nitz from the Lias of Dobbertin and one by Brodie from the English 
Purbecks; two other obscure forms from the Engl11::ih Purbecks are fig-
ured under the uame of Uhironomus ; and Oorethrium, pertinax and 
Oecidomiuni grandmvurn of Westwood, from the same beds, appear to 
belong to this family rather than to the 0ecidom.yidrn or Uulicidre. 
Ehyphus priscus Brodie, from the English Purbecks, also probably be-
longs here and not to the Rhyphidre. 
The family is very abundant in amber, Loew having found seven 
species of Tanypus, more than forty of 0hirouomus, and twenty-six of 
Ceratopogon. Giebel also describes two species of 0hironomus and one 
of 0eratopogon from amber, and these genera bad previously been rec-
ognized as occurring there by Burmeister, Erichson, and others. Duis-
berg also records a· peculiar genus, Sendelia, from the same. But the 
occurrence of the family in a fossil state is not confined to amber: thirteen 
species of Chirono!!l.us ha~e been <l.escribed from Rott, Oeningen, Rado-
boj, and Utah, and the genus has been recognized also in Wyoming, 
while numerous pupre distinguishable as belonging to several species 
are recorded by Heyden from Rot·t. 0eratopogon has also a species at 
lfott, and it bas been recognized at Aix and in Sicilian amber. Numerous 
·pecimens of the family occur at Florissant, but they are usually in very 
poor condition; they have also occurred in the British Columbia Ter-
tiaries. 
5. Family Culicidre. 
The English Purbecks have furnished two species which have been 
referred to thi' fami1y, one a very obscure object, called Tanypus dubiits 
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by Brodie, but referred to a new genus, Asnba, by Giebel; tbe othtt, 
a wingless spedmeu, but with antennre and legs preserved, called O i~ 
fossilis by Brodie. 
The only members of this family found by Loew ju amber are a peci 
of Mocblonyx and one of Oulex • Giebel also describes a species of Culex ' . 
from amber and species Lave been described from Rott and from Utali. 
Heyden also ctescribes another species from Rott, under the name or 
CuliciteR, a Corethra is described from Utah, and one is mentioned frorn 
Aix. Two or three species only of this family in single examples are 
found at Florissant and it has been recognized in the Isle of Wighii 
. Tertiaries. 
6. Family Bibionidre. 
Although species supposed to belong to this family barn been re-
ported from Mesozoic rocks, it js doubtful whether it is yet recogniza-
ble before Tertiary times. Protomyia ditbia-, figured by Geinitz from the 
Lias of Dobbertin, is certainly not a Dipteron at all. 
In Tertiary times, however, they are among tbe commonest of insects, 
as far as individuals go, though they are not correspondingly ricb in 
species, and fa amber th~y are comparatively rare, the genera mo"t 
abundant in _the rocks being almost or altogether absent. · The species 
found by Loew in amber are one of Dilopbus, two of Plecia, and three of 
.Scatopse. Bibio is also reported from amber by Guerin, Serres, and Bur-
meister, but they probably mistook some other genera for Bibio or u ed 
the term in the broad sense of the family, since Loew says it" appea 
strangely enough to be altogether wanting." Of these genera, Dilophu 
and Plecia1 occur in the rocks, the former in a single species at Rott and 
indicated only at Aix (Serres), the latter in considerable abundance, 
for over twenty species a.re described from Oei:1ingen, Radoboj,.Aix, Rott, 
Parschlug, Oorent, .Auvergne, Krottensee, Wyoming, and Briti h Co-
lumbia, while an allied extinct genus, Epiplecia Giard, occurs atCorent; 
Bibio is even more numerous, over forty species having been de cribed 
from Oeningen, Rott, Corent, Aix, Radoboj, Wilhelmsfnnd, Krotten ee. 
Tallya, Felek (near Klausenburg), and Monte Bolca.; and Bibiop i ,
1 
ac. 
allied extinct genus, has .five species from Salzbausen, Krottensee A.ix. 
and Rott. Another extinct genus, Protomyia,1 has nearly forty peci -
at Oeningen, _.A.ix, Krottcusee, Corent, and Rott, wuile Penthetria h 
four species at Radoboj and Corent, besides being recognized at Aix an 
Krotteusee. Fully one thousand specimens of tbis family barn 
found at Floris ant, but the specie are not corre pondingly numer 0 
being apparently but :fifteen or twenty in number. 
1 The species first referred to Protomyia and Biuiopsis by He r who foun<led . 
genera, are not inrlndcd under the e name in thi enumeration . ince Loew co 
ered them all to belong to Plecia and the rrenera. a without fonnclntion. Tb 
publish d hav not be n ritically exami:e]. Pcntltetria imilka111 roa n Id. fi 
Briti h lurubia, i a Pl ci· . 
(DJ) 
93 
6/lJDDER,] INSECT A: DIPTERA. 
7. Family Simulidre. 
The Purbecks of England furnish two species, Sim,1.lliu1~1, huniid'u~i 
Brod. and Simulid-i'um priscum Westw., apparently belongrng to tlus 
fu~~ . 
In the Tertiaries the genus Simulium has been recognjzed in a species 
described from Rot.t by HP.yden, in six species recorded by Loew from 
amber, and in one found by Guerin in Sicilian amber. · 
8. Family Mycetophilidre. 
In the Mesozoic this family is represented only in the English Pur-
becks. Here we recognize species figured l>y Brodie under the genera 
Platyura, l\'facrocera, and Sciophila, and credited by Giebel to new 
genera, Adonia, Sama, and Thimna, respectively; also a second Sciophila, 
which is very obscure, and a species figured by Westwood, which Giebel 
refers to an extinct genus, Thiras. . 
In the Tertiaries this family is one of the best represented and is 
abundant in generic types, though, as compared to the Tipulidre, few of 
these are extinct. The greater number have been found in amber, and, 
as in the B,ibionid::e, such as have been found in the rocks belong gen-
erally to genera distinct from those occurring in amber. The following 
genera have been found in am bel' by Loew: Zygoneura, 1 sp.; Sciara, 
21 sp.; Mycetopbila, 23 sp.; LQja, 26 sp.; Scio'phila, 15 sp., besides 3 
described by Giebel; Sciobia, 19 sp.; Pla,tyura, 1G sp.; Macrocera, 6 sp.; 
Heterotricha, 1 sp.; Dianepsia, 2 sp.; Mycetobia, 5 sp.; Aclada, 2 sp., 
and Dia<locidia, 1 sp. Boletophila is also reported in amber by Bur-
meister and four of the genera mentioned above have been found in 
the rocks, viz: Sciara, of which twelve species have been described, from 
Aix, Hiadoboj, Oeningen, Rott, Krottensee, and British Columbia, be-
sides mention of several other species at these same places; Mycetophila, 
fifteen species, from Radoboj, Ah, Oeuingen, and Ut.ah, besides other un-
named species from Aix and Auvergne; Sciophila, one from Parschlug; 
and Diadocidia, one from Green River. Of the genera above mentioned, 
four are peculiar to amber, Sciobia, Heterotricha, Dianepsia, and Acla<la; 
and an extinct genus, Sackenia, has been found in Utah. Further than 
this, five species of Cordyla and one of Boletina are known from Rott, 
two of Brachypeza, one of Trichonta, and one of Boletina from British 
Columbia, and one of Gnoriste from Utali, the last being also indicated 
from Aix. Species of undetermined genera have also been reported from 
Sicilian amber, Rott, Wyoming, and Florissant, iu the last of _which more 
than thirty species have been found. 
0. Family Cecidomyidre . . 
Our knowledge of this family also is largely due to amber. In the 
Anaretina the only genus found by Loew is Uampylomyza, of which he 
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records five species. An extinct itenus Lithomyza, is, however, de-.:c -b,j 
C, ' -
from Utah, apparently belonging to tllis section. Of the Oecidom ~ 
Loew found the extinct genus Monodiciana~ with one species in ammr1 
together with eighteen species of 0ecidomyia, dh,tributed among the .... a. 
generaDiplosis, 0ecidomyia, Dirhiza, Epidosis, and Synapta. Lasiopten 
was ~~so recognized in amber by Burmeister and has been describe~ 
from Wyoming, while three species of Cecidomyia have been describecl 
from Oeningen, Rott, and Aix, and recognized also in Sicilian amber. 
6. Order LEPIDOPTERA Linne. 
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(See, also, pp. 32 and 36.) 
Boisdllval, J. A. Rapport sur une empreinte de Lepidoptere trouvee dans Jes marnes 
des environs d' Aix en Provence. Ann. soc. en tom. de Fra:nce. Tome IX. Pl. B. 
· 8vo. Paris, 1840. 
Butler, A. G. On fossil butterflies. Lepid. exot. Part 15. Pl. 48. 4to. London, 
1873. 
Daudet, H. Description d'une chenille fossile trouvee dan_s le caJr,aire d'A.ix. Rev. 
mag. zool. [3.] Tome IV. Pl. 17. 8vo. Paris, 1876. 
Lefebvre, A. Observations relatives a l'empreinte d'un lepidoptere fossile. Ann. soc. 
entom. de France. [2.] Tome IX. Pl. 3. 8vo. Paris, 1851. . 
Sclldder, S. H. Descrip.tion d'un nouveau papillon fossile trouve a, Aix en Provence. 
Rev. mag. zooI., 1871-'72. Pl. 7. 8vo. PariR, 1872. 
-- Fossil butterflies. 3 plates. 4to. Salem, 1875. 
Body cylindrical, elongated, completely triregionaf, the integument 
delicately coriaceous. Antennre long, filiform, and, excepting sometime 
for regular, lateral, laminate outgrowths, simple.. Mouth-parts ar-
r,nged for sucking, the greatly elongated maxillre forming a hollow 
canal by the uniou of their channeled inner surfaces and capable of roll-
ing up like a watch spring between the appendages of the labium; man-
dibles aborted. Pronotum insignificant, but distinct from the compact 
thorax, which is colllposed subequally of the other two joints. Win 
subequal; generally very large, membranous, the binder pair sometime~ 
folded slightly at the inner edge, ·covered on both surfaces with imbri-
cated and colored scales, often forming patterns of exquisite beau ty; 
the neuration simple, the marginal vein absent, the scapular and exter-
nomedian united or approximated in the middle of the wing forming be-
1 tween them a median cell and furnishing a1most all the subordina 
branches; cross-veins almost wholly wanting; no reticulation. L 
very slender. Metamorphosis complete; the appendage of the pa 
soldered to· the body. Larva eruciform. Habits terr trial bat man 
larvre endophytopbagou ·, and the pupm generall.r concealed or incl 
in a loosely-woven cocoon. 
The fo sil form of thi, or<l r are , o rare that they may b t a· 
here in a ingle paragraph. 11 such a 1.Ja,·c b u er <lit 1 to ar 
iforou d po. it hay be n shown to belong to other 1:,rr up~. b ~ 
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ozoic forms are exceedingly tew. -The mines of Tineidre or allied motl~s 
have been noticed by Fritsch in leaves from the Cretaceous of Bohemia 
and by Hagen in some from the Dakota group of Nebraska. Tineites 
lithophilus Germ., from the Oolite of Eicbstatt, is, according to Heer and 
Hagen, a Termes. Two Sphingidre, Sphinx Snelleni and Pseudosirex 
Darwini, have been described by Weyenbergh from the Oolite of Solen-
hofen. The former is represented by a very characteristic fossil in 
which the spiral tongue appears; the latter, by a far more obscure wing. 
In the Tertiaries these insects. are more common, but still among the 
greatest rarities. All the larger groups, however, are represented. 
Among the Microlepidoptera the Tineidw are not rare in amber, _Menge 
having sixty-nine specimens in his collection, of which one was a cater-
pillar and two were pupre, but they have not been studied. Gra'venhorst 
also mentions a Tinea in amber and Presl describes one species. Germar 
figures an Ypsolophus from Bonn and Heyden the larval mine of a Nep-
ticula from Rott. Kawall also describes a Tineites from Bergkrystall 
at Ufalei, in Siberia. The Tortricidre, too, occur in amber, Menge hav-
ing fifteen moths, seven larvre, and four pupre of several species.· The 
Pyralid<i are represented by a single specimen from Aix, which Heer de-
scribes under the name of Pyralites. Of the Phalrenidre, Heer describes 
two species referred to PhalreniteEj from Radoboj and mentions one frqm 
.A.ix, and Curtis mentions one from the latter place, which, however, he 
says may ea noctuid. Giebel also describes an Angerona from amber, 
on the wing of which he noted two specimens of a species of Chelifer. 
Of the Noctuidre, four species, some of them exceedingly obscure, have 
been described under the· name Noctuites, two from Radoboj, one from 
.A.ix, and one from .. Auvergne. Bornbycidre are more numerous. Two 
species of Bombycites are :figured by Heer from Oeningen, together with 
the larval sac of a species of Psyche. The latter group has been reco·g-
nized in the same way in amber, Menge mentioning fifteen larval sacs of 
seven different kinds. A species of Lithosia is said to be found at the 
Isle of Wight and Serres refers species at Ajx to Bombyx or Cossus 
and to Zygrena. Of the Sphingidre, Berendt says that a Sphinx occurs 
in amber and Serres refers to two species of Sesia at Aix. The Rho-
palocera are first known to us in the Tertiaries, all references to their 
earlier appearances having been shown to be erroneous, and more than 
a dozen species are recorded, belonging to as many genera, most of the 
latter extinct. Of the existing genera we have ouly two, a Pontia and 
a Eugonia at Radoboj, which also furnishes a species of Mylothrites. 
Aix furnishes the large&t number (5), Pampbilites, Thaites, Celiates, 
Lethites, and Neorinopis, besides a larva described by Daudet under the 
name Sat:rrites; Florissant, the next largest (3), Prodryas, Jupiteria, 
and Litbopsyche, all nearly relate<l, besides one or two other undeter-
mined forms. Rott gives us Thanatites, and a second species is reported 
from the same place, but not yet described. Accm·ding to Gravenhorst, 
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the larva of a Lycmna occurs in amber. Finally, Procaccini Ricci ·tata 
that Lepidoptera have been found at Sinigaglia.1 
7. Order HYMENOPTERA Linne. 
BIBLIOGRAPHY. 
(See, also pp. 32 and 3G.) 
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Body completely triregional, subcylindrical, the abdomen sometime 
depressed or compressed, both head and abdomen generally connected 
with the thorax by a constricted neck, the integument subcorneo11S. 
Antennm simple, filiform. Ocelli generally present. Mouth-part ar-
ranged for lapping, iu which the highly-developed and greatly-elon-
gated labium and its appendages perform the principal part, ensbeatbed 
loosely by the maxillm; the mandibles are also well dev.eloped, but 
principally as weapons or tools in the economy of the insect. Pronotum 
small, but generally fuseu with the rest of the very compact thorax in 
which the mesotborax largely predominates. Wings membranon.s. 
slender, the front wings much larger than the hind pafr and sometim~ 
folded once longitudinally; both with few and rather distant veins, which 
1 Since this was written Dr. Oppenheim, of Berliu, bas published an impo 
paper dealing mostly with Mesozoic Lepidoptera (Die Almen unserer Schmetterlin 
in der Sekundiir- und Tertiiirperio<le. Berl. en tom. Zeitschr. Band XXIX. Pl. 10-12 
1885). Eight species arc described and figured. Two of them, from the Brown Jura 
of Siberia, belong to one type and a.re considered as nearly related to Co a 
Phragmatrecia. The neuration, a8 fignrell separately on the plate, appears, bowev • 
to differ in importa,nt particulars from the excellent figures of the original fo il gi, 
beside them. They are named PalmocossuB juraBsicuB and Phragmat<Pc'ites Dam ·i. 
•others all come from the Wbite·Jura of Solenhofen and include not only snch 
before been referred to Sphinx, but also Belostommn elongatum, which, followina 
mann, has in this essay been placed under Hymenoptera; they form a, very di 
type, which, in all respect8 l.,ut tbe neuration of the wing , reminds one croa 
the Spbingidm. This exception i , how ver, a, marked one and forbids their 
looked on as Lepidoptera in a strict ·ense. Dr. Oppenheim ha therefore co · 
them as forming a distinct order, giving them the name of Rhipidorbaudi. Th 
referred to th genera Rbipidorhabdus and Fabellovena, with thr e pecie ea 
remainR to b s n bow close the relation hip may prove t be between th -
clorha.bdi and the Jura sic species from Siu ria. It look a thou 
tha Dr. Opp nh im inclicat 
(96) 
SCUDDER.J INSECTA: HYMENOPTERA. 97 
often do not reach the outer margin of the wing and beyond the mid-
dle are usually connected by cross-veins to form rather large polygonal_ 
cells; sometimes nearly all the veins are aborted ; no reticulation. 
Legs very slender. Abdomen frequently furnished with an exserted, 
needle-like, complex sting or ovipositor. Metamorphosis complete, the 
appendages of the pupa free. Larva of two types, eruciform and ver-
miform, corresponding to structural distinctions in the imago. Habits 
terrestrial, but many of the larvoo inhabit galls or are parasitic in the 
larvm of other insects,rand the pupoo are generally inclosed in a dense 
silken cocoon. The order comprises the most highly organized and 
complex social communities among insects. 
The number of Hymenoptera which have been found in Pretertiary 
deposits is so small that it will be best to consider them in a single para-
graph. Eight or ten species only are known, most of which have been 
described from Solenhofen and are generally very obRcure objects, of 
which little more can be said than that they are probably Hymenoptera. 
Such are · two species of Apiaria described by Germar and by Wey-
enbergh, though Assmann considers Apiaria antiqua to be a Sirex 
and Apiaria lapidea the same as Germar's Oarabicina decipiens. Two 
others are looked upon by Assmann as U roceridoo, namely, Belostomurn 
elongatum1 and Sphinx Schroeteri _of Germar. Bombus conservatus Wey-
enb. presents no tangible characters, and it is impossible to say whether 
his Anomalon palreon is a Hymeuopteron or not. The other Mesozoic 
species are in better state of preservation and, excepting the eggs of a 
N ematus ( one of the Tenthredinidoo) figured by Fritsch from the Cre-
taceous of Bohemia, are all Formicidoo. One of the oldest- Hymenop-
tera known · comes from the Lias of Switzerland and was figured by 
Heer under the name of Palmomyrmex prodromus; the other two are 
from the English Purbecks and were figured by Westwood under the 
name of Formicium Brodiei and Myrmicium Heeri. 
1. Tribe TEREBR.A.NTI.A. Latreille. 
1. Family Tenthredinidre. 
This family has been found in only one or two localities in Tertiary 
deposits and is very rare in amber, siugle specimens of a winged Cephus 
and Emphytus and of larval Cimbex, Lyda, and Lophyrus having been 
reported by Menge. Gravenhorst and Schlotheim also state that Ten-
thredo is found in amber. Curtis reports the latter genus also from 
Aix, as does Serres, together with species of Pteromus and Oryptus. 
:Se ides this, Heer describes two species of Cephites from Oeningen and 
two.of Tenthredo from Oeningen and Aix. On the other hand, consid-
erable numbers have been found at, Florissant, some seventy specimens 
having occurred, of at least twenty species. 
1 See note on p. 96. 
Bnl1. 31-7 (97) 
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2. Family Urooeridm. 
The only Tertiary fossils of this family known are a &l}ecies 0 
tinct genus, Urocerites,described by Heer from Radoboj, and a 
scribed species from Florissant. (For probable Mesozoic forms~ 
preceding page.) 
3. Family Cynipidm. 
Gravenhorst states that Diplolepis occurs in amber, from which de 
Presl describes a species of Cynips. Menge also states that the n 
is found in amber, but in scanty numbers. Heyden refers doub 
.to Cynips or Pteromalus some mines in leaves of Juglans from 
· hausen. The family is very abundant at Florissant, and two or 
galls have been obtained there. 
4. Family Pteromalidm. 
This family is much more abundant in amber than the precedi 
Menge mentioning forty-eight specimens in his collection. It occurs 
at Florissant, and Heer refers under the name Pteromalinites to .a 
species at Oeningen. None whatever have been described. 
5. Family Chaloididm. 
Of this family Heer describes a species of Chalcites from .Aix and 
Scudder one of Decatoma from Wyoming. Clialcididre occur at Floris-
sant in som·e abundance, at least four or five species and twenty speci-
mens having been obtained. 
6. Family Prootrotrupidm. 
This family of minutest insects is known only from amber. Burmeis-
ter and Gravenhorst report Ceraphron and Psilus as occurring in the 
Prussian amber, and Myrmar, that mere speck, is :figured by Duisburg 
from Prussian and by Malfatti from Sicilian amber. 
7. Family Braconidm. 
Two species of Bracon have been described from Sieblos and Wyo-
ming, and an extinct genus, Calyptites, from British Columbia. B 
i~ also said to occur at Aix and in British Columbia, as well a in 
sian and Sicilian amber. Gravenhorst says that Chelonus also occ 
amber and Serres credits a species of Agathis to .A.ix. Many specim 
of this family have been found at Florissant. 
8. Family Ichneumonidm. 
This family is well represented in Tertiary deposits, though no 
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under the generic names Pimp la and Ichneumon, the former bein'g repre-
sented by seven species, from Aix, Rado boj, amber, and British Columbia,· • 
and the latter by four, from Aix, Oeningen, Radoboj, and Utah, besides 
which there are references to others in amber and at Aix. Heer, also, 
under the generic name Ichneumonites, describes one species.each from 
Oeningen and Radoboj, suggesting that the one from the latter place 
may be a Trogus. From Radoboj come also single species of .Acrenites 
and Hemiteles, and from Oeningen, of Anomalon and Oryptus, both of 
which are also reported from Aix and the latter from amber. Ophion is 
stated to occur at Aix, and that or Oampoplex in the Quaternary of 
Pia.nico in Italy~ At Florissant this family is rei;narkably well repre-
sented, hundreds of specimens occurring, with a remarkable variety of · 
species and genera. 
9. Family Evaniidre. 
Burmeister recognized Evania among amber insects. 
2. Tribe ACULEATA Latreille. 
1. Family Formicidre. 
That this family was an ancient one and represented to some extent 
in Mesozoic times may be seen above (p. 97). No other family, not only 
of Rymenoptera but even of any Hexapoda, was so abundant in Ter-
tiary times, whether in species or in individuals. .At Florissant they 
comprise, in individuals, about one-fourth of all the insects, and more 
than four thousand .specimens have already been brought from that lo-
cality. Mayr has carefully studied nearly fifteen hundred specimens 
from amber, in which he has detected forty-nine species of twenty-thre{}. 
genera. More than one hundred and seventy species have been de-
scribed from different localities, but by far the largest number from 
amber and Radoboj, and thirty-fo~r or more genera are recognized. 
Of these the largest number of species belong to the Fotmicidre proper; 
of genera, to the Myrmicidre. 
Of the latter subfamily Mayr finds three extinct genera in amber, 
namely, Stigmomyrmex with two species and Enneamerus and Lampro-
myrmex with one each. Heer describes four Radoboj species under the 
new generic name Attopsis, which Mayr finds is the same as the exist-
ing but later founded genus Cataulacus. Heer also describes a frag-
ment from Spitzbergen under the generic name Myrmicium. Mayr de-
scribes a specif'~ of Lonchomyrmex from Radoboj, which Assmann finds 
also at Schoss.r:litz. Besides these the Prussian amber has furnished the 
genera Aphamogaster, 2 sp.; Macromischa, 4 sp.; Myrmica, 2; Lepto-
thorax, 1 sp.; Monomorium, 1; Pheidologeton, 1, and Sima, 3 sp. Of these 
Aphrenogaster possesses four other species from Oeningen, Radoboj, and 
British Columbia; Myrmica, no less than twelve other described specie~ 
from Oeningen, Radoboj, Parschlug, and Krottensee, and is reco.rded 
(99) 
100 REVIEW OF FOSSIL INSECTS. 
• from th~ Isle of Wight; Leptothorax has another species at .Ra boj; 
and Pheidologeton has two others from Schossnitz and Krottense • A ' -species of Crematogaster also occurs at Radoboj, with one of P he ole 
and one referred doubtfully to Solenopsis, while Guerin figures t wo Pe• 
cies of ants in Sicilian amber, which Erichson refers to Pseudomyrme, 
Of the Poneridm we have twenty-seven species, belonging to se en 
genera, of which the ·greater part are accounted extinct, viz: Brad 
nera and Prionomyrmex from amber with one species each; I m.ho a 
. . ' -
with two species from Oeningen; and Poneropsis, with a dozen s pec es 
from Radoboj and Oeningen. Besides these, amber has furnished ac-
cording to Mayr, Ponera with two species and Ectat·omma with on~, 
while F. Smith refers one he has seen to Anomma. Ponera i s al::o 
represented in the rocks, having seven species in the depbsits of Rado-
boj, Oeningen, and Parschlug. 
Over one hundred species of Form.icidm proper are described, but onl.., 
two of the genera are accounted extinct, Gesomyrmex and Rhopalomyr-
mex, each with one species from Prussian amber. This deposit has also 
furnished· Camponotus, 3 sp.; (Ecophylla, 1 sp.; Prenolepis, 2 sp.; P Jagi-
olepis, 5 sp.; Lasius 4, sp.; Formica, 13 sp. ( only 1, however, recognized by 
Mayr); and Hypoclinea, 8 sp.; besides, according to F. Smith, a P ol -
rhachis; while Malfatti figures a Tapinoma from Sicilian amber. Of the e 
genera, Camponotus has six other species or varieties, found at Radoboj, 
Oeningen, and in Utah, and has, besides, been recognized in the I sle of 
Wight Eocene; fficophylla has another species, occurring both at R ado-
boj and Kutschlin; Lasius, eleven species, at Radoboj, Schossnitz, and 
Wyoming; Hypoclinea,five others, from Radoboj, Kutscblin, and British 
Columbia.; while Formica possesses no less than thirty-four specie~ 
from various parts of the continent of Europe, but mostly from R ado-
boj and Ueningen, and one from British Columbia. Besides this, the 
genus has been recognized in Sicilian amber and at the Isle of W ight. 
Finally, four species of Liometopum are known from Radoboj and Utah. 
· 2. Family Chrysididm. 
Giebel describes a species of Chrysis from amber, and at lea t one 
species, with the metallic-green reflections of the abdomen still remain-
ing, occurs at Florissant. A species of Cleptes is mentioned by Bee -
as occurring in the Pleistocene deposits of Jutland. 
3. Family Mutillidm. 
Menge foqnd half a dozen specimens of this group in amber P 
ously reported to occur therein by Brongniart. 
4. Family Scoliadm. 
He r describes a Scolia from Oeningen and the family occ 
Flori sant. 
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5. Family Pompilidm. 
Oeningen furnishes a species of P9mpilus; Pepsis occurs, according 
to Burmeister, in amber; and the group is represented among the Flor-
issant species. 
6. Family Sphegidm. 
Heer describes a Sphex from Radoboj andtwo species of Ammophila 
from Oeningen. Tbe latter genus is found at Florissant with other 
genera. In amber Menge found the family abundant, reporting sixty-
·nine species of Orabronidre and twenty-two of other Sphegidre, but no 
genera are mentioned by him . 
• 7. Family Vespidm. 
Three species of Vespa are known from Raidoboj, Parschlug, Moudon, 
and amber, and the genus is also reported from Aix. Polistes, of which 
one species is named from Oeningen, is also reported hy Serres at Aix, 
by Latreille at Chaumerac, and by Scudder at Florissant, at which last 
place several other genera and a considerahle number of species occur. 
Only three specimens of this family are reported in amber by Menge. 
8. Family Apidm. 
This family was tolerably abundant in Tertiary times, to judge by the 
comparatively large number of fossil species known. Of the Andrrenidre 
mention is made only of their occurrence, rarely, in amber by Menge, 
who found two specimens of a genus allied to Dasypoda, and at Floris-
sant, but the A.pidre proper are more numerous. From Oeningen and 
Radouoj, Heer describes ft ve species of Anthophorites, and another 
comes from Corent, besides a species of Anthophora from Rott and one 
indicated from amber; seven species of Bombus, from Oeningen, amber, 
Radoboj, Rott, and Krottensee, besides one amber species referred by 
Motschulsky to Bombusqides ; two each of Apis and Osmia, from Oen-
ingen and Rott, besides an Apis from amber and an Osmia from Ors-
berg; finally a Xylocopa described from Oeningen and a Trigona said 
by Burmeister to occur in a.mber. A number of species of this family, 
mostly represented by single individuals and generally not very well 
preserved, occur at Florissant. · 
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Marcel de Serres's Geognosie des terrains tertiaires me,y be looked 
upon as the first general work on fossil insects. His fourth book 
which treats wholly of insects, closes with a tableau general wherein 
one hundred and two genera of insects are enumerated, with two hun-
dred and nineteen species. This work included the first genemJ notice 
of the insects of Aix (nearly eighty genera being mentioned), which 
had it not been published separately in advance, would have appeared~ 
curiously enough, at the same time as Curtis's independent account of 
the insects of the same deposit (in which forty-seven species are enum-
erated). That year, 1829, niay therefore well count as the starting point 
of our definite knowledge of fossil insects. In the following year ap-
peared Berendt's first notice of the amber insects ·of his collection· 
but these were not carefully worked out, and then but partially, until 
twenty-five years later, previous to which epoch a marked increa e in 
our knowledge and a widening of our horizon had been brought about 
by the publications of Germar and Goldenberg on the insects of the 
Coal Measures; of Brodie, West wood, and Germar on those of the ec-
ondary rocks; and especially those of Heer (not to mentiou Heyden 
Charpentier, and Unger) on the insects of Tertiary deposits. Since 
then contributions have been continually made, extending the field and 
introducing new elements of discussion;prominent among which may be 
mentioned the discoveries of Eugereon, Protophasma, and P alreoblattin 
in .Europe and a vast store of Carboniferous and Tertiary in ect in 
.America. 
About 1856 the number of fossil species was estimated by Bronn 
a little more than 1,800 (7 Paleozoic, 126 Mesozoic, 1,682 Tertiary) 
by Giebel as nearly 2,000 (21 _ Paleozoic, 231 Mesozioc, 1,74.4 Tertiary 
At present it is probable that 2,600 species have been actually d ri 
or at least fully named ( of which 155 are credited to the Paleozoi • --
to the Mesozoic, and 1,972 to the Tertiary), a number which wonld _ 
very largely increa ed, especially in the Tertiary in ect , were w 
elude in our enumeration, as wa done by Bronn and Giebel tho · 
had received generic indication onl . The immediate future i r 
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to bring the largest contributions to our know le<lge from the. Coal 
~easures of Comment,ry in France and the Tertiary tufa deposits of 
1'1orissant in America; althongh, since our knowledge of fossil insects 
is almost e:x;.clusively derived from Europe and N ortb America, we can-
not yet tell what to expect from other parts of the world. 
The oldest known insect is Palmoblattina Douvillei, recently described 
by Brongniart from the Middle Silurian of France and of undetermined 
:J affinities. It is older even tban the earliest known arachnids (Upper 
Silurian) or myriapods (Lower Devonian) and is followed at a consider-
able distance by the oldest insects of America (Upper Devonian). It 
is, however, only when we reach the productive Coal Measures that we 
arrive .at insect faunas of considerable extent, such as those especially 
ofOommentry,n France and of Mazon Creek in Illinois. ( )ther consider-
able deposits are found in the coal-fields of the Saarbriick and Wettin 
basins of Germany, the Belgian and British coal-fields, and in America 
the coal-basins of Nova Scotia and Pennsylvania. The Permian offers 
comparatively few species, but some of these are of particular interest 
(e.g., Eugereon), and the Trias is almost wanting in fossil insects, ex-
cept in the South Park of Colorado, where about twenty species have 
recently been obtained, affording transitional forms among the cock-
roaches. Later Mesozoic deposits have yielded nothing in America, but 
much in England, where nearly all the strata from the Lower Lias to 
the Wealden have been productive. On the continent of Europe pro-
lific Liassic deposits have been discovered at Dobbertin in Germany 
and Schambelen in Switzerland, while' the oolitic beds of Solenhofen in 
Bavaria are world-renowned. Scanty returns have come from the 
Cretaceous, but th~ early Tertiaries have yielded an abundant harvest 
in the amber deposits ot the Baltic shore, the marls of Aix, and in 
America at Florissant and Green River, while the Middle Tertiaries 
of Oeningen, Radoboj, Parschlug, A.uvergne, and the Rhenish brown 
coal have been scarcely less prolific. 
The relatiou between the Carboniferous insect faunas of Europe and 
North America (those of ot.her continents are absolutely unknown) is by 
no means so close as in the case either of the arachnids or of ttie myria-
pods. While, for instance, the bulk of the fauna was in each hemi-
phere made up of cockroaches, one entire division of these (Mylacridm), 
with five genera, was restricted to America and of the eight genera of 
the other division (Blatti.narim) only one-half (comprising, however, the 
mo t .prolific genera) were common to both hemispheres; no identical 
pecies occur. In the other Paleozoic groups the difference is even more 
triking, the genera being rarely common to the two countries and 
whole series of forms being developed in one region which are completely 
wanting in the other, where they are repla.~ed by an entirely different 
et. How far this statement of facts, based on present knowledge, may 
be modified when the insects of Commentry come to be known, it is, of 
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course, impossible now to say, but l\1r. Brongniart 1 intor 
very few American types have been found there. Nevert -.c::::::..i.:---~ 
struck by the common occurrence in the two hemispheres 0 
ing forms as Titanophasma and l\1egathentomum, and ne 
families occur on both continents. 
Our knowledge of Paleozoic insects dates back only a half ,~c:;;.a.'--',w: 
the time (1833) when the wing of .Lithosialis Brongniarti, 
brockdale in England, was submitted to Audouin and reporte 
him to the French Academy of Sciences and elsewhere. He • -;•'--'.,._·......,_""" 
it a neuroptel_'ous insect allied especially to Corydalis and ~!.t..1L.c::a=-..ili1'1 
This arid others closely allied to it have been variously inter 
subsequent writers as neuropterous or orthopterous, and inde 
the commencement of Goldenberg's discoveries in the Saarbriic ~ 
hardly a score of Paleozoic insects being known, there were :n 
cient grounds whereon to· base an opinion concerning these 
wings. His explorations and those following in their train-have 
the last ten years completely changed the aspect of the Paleozo · 
and enabled UR to obtain a more accurate picture of early ins 
This is mainly due, besides the mere abundance of material, to t 
covery of two insects, Eugereon and Protophasma. The former, tu 
by Dohrn, possessed four similar, large, membranous, reticulated W". -
like those heretofore classed as neuropterous, with prolonged mo -
parts, forming a rostrum similar to that now found in Hemiptera. Ti. 
latter, studied by Brongniart, possessed wings which ha<l up to t;h 
time been unhesitatingly described as neuropterous, attached to a b 
which was plainly that of a phasmid, one of the most peculiar tribe~ -
Orthoptera. These generalized types have given a clew to the study o-
Paleozoic insects and have first rendered pc,ssible the discovery thm 
there existed among these ancient forms no ordinal distinctions, such -
obtain to-day, but that they formed. a, single homogeneous group of gen-
eralized hexapods, which should be separated from later type more Y 
the lack of those special characteristics which are the property of ex-
isting orders than by any definite peculiarities of its own. Yet among 
the Paleozoic forms whicb by special characteristics can be claimed -
the immediate progenitors of some existing families of insect , we fin 
upon sufficient examination some fundamental structural feature 
rating them as a whole from tho e of later times, separating th m ·n-
deed more widely from them than from their neare t conterup ra · 
In one group, the cockroaches, where uper:ficial observer" claim 
very close agreement between ancient and modern type it 
1 Mr. Brongniartba kindly sent me in manuscript an outline of hi cl i 
Paleozoic insects, largely based on tho e found at Commentry, read at th So.l,bo:~· 
i~ April,·1885; bat a it con i ts of names only, and mo t of the e are" ""• i 
s1ble to make u e of it on thi occa i n excepting in the mo t gen ra.l u- Y· 
niz_ fiv ord r , fl.ft n familie , and fifty-four genera, exclu ive ofth .00(:kr(>Xl::JS 
Thirty- ight of the c geu ra and at lea t fifty-uine specie ar found a C'.omic::e=~ " 
( 104) 
SCUDDER.] HISTORY AND DISTRIBUTION . . 
io5 
shown that their front wings alone differ in at least three important 
particnlars from those of later times, and the passage between the an-
cient and modern types has been traced in the Trias~ic cockroaches of 
Colorado. 
Every one of the existing orders of insects, however, is found in t~e 
middle of the Mesozoic period, and most of them in the early Mesozoic, 
full-fledged one might say, with a considerable development ~nto exis_t-
ing families; and it is therefore presumable that, were the msects m 
general of Triassic times -only as well known as are the cockroaches, 
we should be able to trace the differentiation of the ancient Palreodicty-
optera into the existing orders of insects. 
At present this is not possible, excepting by rather.large presumption 
and on certain lines. Thus we can see that the modern cockroaches 
· descended from the ancient, and it is highly probable that the Man tides 
were an offshoot from the same branch, possessing the same characteris-
tic impression of the principal anal vein of the front. wing. The ancient 
walking-sticks were evidently the precursors of the present Phasmida, 
although the wings and especially the front pair have little in common. 
It would seem not improbable that the saltatorial Orthoptera also origi-
nated from the Protophasmida. There can hardly be a doubt that the 
Palephemeridoo were the precursors of the existing May-flies, the Hem-
eristiua were probably followed by the Sialina, and Fulgorina and 
Phthanocoris seem to have foreshad.owed the Homoptera and Heterop-
tera respectively; but to what Eugereon led or the four families of 
neuropteroid Palooodictyoptera, called by me Homothetidre, Palreopter-
ina, Xenoneuridoo, and Gerarina, it is far more difficult to say. They 
appear to have about equal relations to the Perlina and Termitina • 
among the Pseudoneuroptera and to the Sialina, Hemerobina, Panor-
pidoo, and Phryganidoo among the Neuroptera proper, while at the same 
time they are more nearly related to each other than are Fulgorina and 
Phthanocoris, in<l.icating thus a greater antiquity for the separation on 
the one hand of the Homoptera and Heteroptera, and on the other of 
the Neuroptera as a whole and the Orthoptera, thanfor that of the Neu-
~optera vera and the Pseudoneuroptera, and rendering the separation 
of the last two as distinct orders unj ustifi.able on paleontological grounds, 
at least as long as all the Hemiptera are classed in one ordinal group. 
By thus tracing the probable genetic relation of Paleozoic.to later types, 
we are able to distinguish among the former the outlines, or premoni-
t ions, as it were, of certain structural features, which afterward became 
fixed as peculia; ities of one or another order, and in this way select 
from the more ancient forms such as may be distinguished as orthop-
teroid, neuropteroid, &c. 
We have thus accounted for nearly all the principal existing groups 
of the lower hexapods, or Heterometabola, and we note, in passing, 
that as a general rule one common change bas taken place in their wing 
structure in the passage from Paleozoic to later times. In all known 
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Paleozoic insects, excepting only Phthanocoris, the front wings are 
equally membranous and diaphanous with the hind wings and of much 
the same general size, while in most of their later descendants in the 
groups specified the front wings are generally smaller than the hind 
wings and have a more or less definitely coriaceous structure or ham 
the veins much thicker and more approximated than in the hind wing . 
ln this survey, however, we have made no mention of the Ooleoptera 
or of the Metabola. As to the latter, we note that the front wings are 
invariably diaphanous like the hind wings (when these exist), and that 
the veins of the front pair are neither abundant nor noticeably stout. 
In short they retain the characteristics of the front wings of P aleozoic 
insects more than do any of the Heterometabola, unless we except, in 
cel'tain points, the Neuroptera, many of which are equally or even bet-
ter comparable. It seems therefore highly probable that the Metabola 
and the Neuroptera sprang together from the allied families .of Pal:E-
odictyopter:1 whose.obscure common relation to the Pseudoneuroptera 
and N europtera proper has been referred to above. 
When we come to the Coleoptera the case i_s <lifferent. None ham 
been found in Paleozoic rocks, 1 though they occur with fully developed 
characteristic elytra in the very earliest Mesozoic deposits, as the Rhae-
tic and even the Trias. Nor do we find anything in the least degree 
allied to the elytral structure among any of the Paleozoic insect type2. 
But we do find traces of borings in wood similar to those made by Cole-
optera to-day, and it is not unreasonable to suppose that all the Pale-
ozoic ancestors of Coleoptera were wood-borers throughout life (a habi 
to which the ample Carboniferous forests would certainly have afforded 
full play), and that their absence from the rockH is due to this secretrve 
habit. Certainly the gradual assumption of elytra for rnembranou 
front wings would be particularly favorable to a creature living· in hard-
walled burrows, where membranous wings would suffer abrasion; and. 
although this is an almost purely hypothetical assumption, we haw 
certain warrant for it in the probability that Coleoptera, like the otu 
orders, had purely Palrnodictyopteran ancestors in P aleozoic deposi• 
and in three facts: (1) the absence of coleopterous remains in Pal 
zoic rocks, (2) ·their presence in Triassic and Rhaet-ic deposits, and 
the occurrence in Carboniferous trees of borings similar to tho e n 
made by beetles in like places. 
1 Long after th is manuscript was sent t o Germany I lflaroed, through letters fro 
Dathe to Ha.ucbecorne (Zeit.scbr. der deutschen geo1. Gese11sch., 1 s.::;, 542) and 
Zittel, that t he Silesian culm of Steinkunzendorf had furni bed -five bootle rem 
of which four are elytra and one a specimen showing elytra and pronotnm. Tb 
est elytron is said to be 18 millimeters long and 14 millimeters broad, the 
millimeters long and 6 millimeters broad (the breadth probably ioduding 
elytra). One specimen examined by Dr. F . Kar ch, of Berlin, wa taken by • 
be the elytron of a. ca.rabid or of a tenebrionid. Farther details of · hD 
be ·a.wait <1 with interest. 
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· We may then draw the following picture of t.he probabl~ s~q~ence of 
events in the geological history of insects and of the peculiarities of the 
different epochs-a picture which does not carry us back to any apterous 
condition of bexapods, the only speculations on thio subject drawn from 
existing biological data (howeve_r probable they may be or however 
unanimously such views may be held by those who have speculated on 
the subject) being altogether unsupported by a scintilla of paleontolog-
ical evidence. 
The earliest insects, then, were generalized hexapods, Palooodictyop-
tera, in which the four wings were equally and similarly developed, mem-
branous, and with very simple neuration. Theirmetamorphoses were sim-
ple and ''incomplete," the young leaving. the egg with the form of the 
parent hut without wings, the assumption of which required no quiescent 
stage before maturity. They appeared probably as early as any land-
plants, certainly by the middle of the Silurian epoch, and continued as a 
homogeneous type until the end of the Paleozoic period. Certain indica-
tions of differentiation were present, but they were largely those which 
characterize in later times. simple families or limited groups of familiesr 
such as an excessively long and slender body (Protophasmida) or an 
anal area separated from the rest of the wing (the front wing only) by a. 
deep furrow (Palmoblattarhe), but in some cases foreshadowing ordinal 
distinctions, as in the thickening of the basal portion of the front wing 
(Phthanocoris). Probably also a life-long burrowing habit of some wood-
feeding forms had induced in them an incipient hardening of the front 
wing in preparation for a greater change that awaited them. Most 
of these Paleozoic forms were of large size, with bulky borlies and ample 
wings. In repose they rested their wings by overlapping on their ab-
domen, a habit which very few of their aescendants have altogether 
overcome (butterflies, most dragon flies). 
With the advent of Mesozoic timeR came the greatest changes which 
the insect worlcl has seen. Nearly all along the line there was developed 
a differentiation of the front and hind wings, the latter growing relatively 
larger, with a special expansion of the anal area, the former changing its 
.lllembranous, diaphanous character for one more or less pergamentous 
or corneous, or approximating this condition by a multiplication or an in-
crease in the size of the nervures, while special structural features were 
assumed by each particular type, as for instance in the cockroaches, where 
by the amalgamation or altered direction of certain veins of the front 
"7ings they became still further changed in character from the hind pair. 
~bus in the same Triassic deposits we find side by side several species 
Of cockro~ches which, examined together, bridge over the distinctions 
etween the ancient Paloooblattarioo and the modern Blattarioo: First, 
liose in which the front wings are cliaphanous, with distinct mediastinal 
11d scapular veins, and the anal nervures impinge on the border of the 
-'ng; next, those having a little opacity of the front wings, with blended 
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mediastinal and scapular, and the anal veins as before; then those ·-
still greater opacity, with the same features; and finally those hanng 
the structure of the front wings coriaceous or leathery, with blended me-
diastinal and scapular veins and anal nervures impinging on the analfur-
row. Bysuch steps as these weretheundifferentiatedPalreodictyopten 
transformed into the modern types of Orthoptera, N europtera, Hemip. 
tera, and Coleoptera. It is probable that these orders were first diffe · 
entiated, and later the Metabola, for in the Trias and Rhaetic we find 
only the Heterometabola, and not yet all of them. Still, looked at in 
a broad way, we may say that all the existing orders of insects origi-
nated early in Mesozoic times, for the Diptera and Hymenoptera appem-
in scanty numbers in the Lias and the Lepidoptera in the Oolite. Th 
Metabola, however, are nowhere abundant in the Mesozoic period an 
are always subordinate to the Heterometabola, though as soon a the 
Tertiary period opens they assume a preponderating part, which w ~ 
probably even greater than appears, since the readier preservation m 
Coleoptera in rock deposits undoubtedly giYes them a better relatiVE 
standing in our know ledge of the past than is really their due. We may 
then state in broad terms that, as far as insects were concerned th 
Paleozoic epoch was the age of Palreodictyoptera and especially of coc · 
roaches (since nearly half the known species belong to that group), th 
the Mesozoic epoch was the age of Heterometabola, the Cenozoic of Me-
ta bola aud Coleoptera, while the present is the age of Coleoptera an' 
Metabola, the relative proportion of Coleoptera to the other orders ha\"· 
ing steadily increased from the close of the Paleozoic epoch. 
The "complete" metamorphosis of the higher (and of a few lower) · · 
sects is now generally looked upon as a secondary adaptive featnr 
originating from an "incomplete" metamorphosis, the very existence -
which among so many, and these exclusively the lower insects, · ar. 
argument in favor of such a view. That these more complex metamo. 
pboses originated simultaneously with the segregation of the existin 
ders of insects is rendered probable from the similarity of larval form 
structure in different orders, as the maggot-like larvre of Musca V ~ 
and Curculio, for instance, as well as from the existence of very differe 
types of larvre withiu the same order, as, for example, Stratiom~· 
<Estrus, Tenthredo ail<l Born bus, Dytiscus an<l Calandra. Tlle trik. 
hypermetamorphosis of some Meloidre, not shared by neighborin" 
ilies of Coleoptera, gives plain proof of the amount of cban°e w · 
may be acquired within narrow limits and in comparatively brief · 
There i no good evi<lence that the Meloidre were differentiated be 
theTertiarie ,yetMengehasfound in the amberdepo it oftheOli" 
what are apparently the larvre of Meloidrein the triungulin tag . I 
be tate<l in general term that, although comparatively litt1 i 
of the earlier stages of extinct in ect , all our knowledue tend 
that the pre ent gen ral condition of metamorpho i exi t 
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as far back as the middle or latter part of the Mesozoic period. The larvre 
of the Oligocene (of which we know most) had all the ch~racteristics 
of those of the preseut day, and of the few from the Mesozoic rock_s the 
the same may be said, with the possible exception of the oldest kno~n 
larva Mormolucoides articulatus, from the Trias of New England, which 
is of~ somewhat anomalous character, though probably a sialid. From 
the Paleozoic rocks no larvre whatever are known, whether of the'' com-
plete" or "incomplete" type. 
The sexes as is well known are now completely distinct in insects. 
' ' . Certain peculiarities of secondary se:qml dimorphism accompanymg 
special forms of communistic life, such as the "neuters" and " workers" 
in Hymeuoptera and the "soldiers" among the Termitina, are also found, 
as would be expected, among the fossils, at least through the whole 
series of the Tertiaries. The same may be said of other sexual character-
istics, such as the stridulating organs of the Orthoptera, and of peculi-
arities of oviposition, as seen in the huge egg capsules of an extinct 
sialid of the early Tertiaries. The viviparity of the ancient Aphirles is 
suggested, according to Buckton, by the appearance of one<>f the speci-
mens from the Oligocene-of' Florissant, while some of the more extraor-
dinary forms of parasitism are indicated at a time equally remote by 
the occurrence in amber of the triungulin larva of Meloe, already alluded 
to, and of a characteristic strepsipterous insect; not only too are the 
present tribes of gall-making insects abundant in the Tertiaries, but 
their galls as well have been found. 
In fact, by the presence in the rocks of nearly every group in which 
interesting special biological phenomena have been found in present 
times, we are forced to believe it highly probable that the general 
features of insect life, with all their varied dependence upon their en-
vironment, have remained almost without change through at least the 
Tertiary epoch. In keeping with this is the fact, not too much to be re-
lied upon, that the larger proportion of Tertiary insects, and no small 
number of Mesozoic types as well, have been referred to existing gen-
era. This may be due in part to their incomplete preservation or to their 
insufficient study, and it is highly probable that one or the other of 
these causes may account for most of the cases which are known from 
the Mesozoic deposits. But these explanations will not fully suffice for 
the Tertiary deposits, since we can test the matter to a certain extent in 
the excellent relics of the amber, at least in the groups which have been 
carefully studied. Here we find that, as a general rule, only from a 
fourth to a third of the genera are extinct, and these genera are usually 
those which are least prolific. Of the twenty -three genera of Formicidoo, 
carefully studied by Mayr, only six (with seven species out of forty-
nine) are looked upon as extinct; and of the Psocina, studied by Hagen 
and Kolbe, three out of the ten genera (five species out of fifteen) are 
in the same category. 
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The following table shows in a condensed form the geological distr.-
bution of the orders and larger di visions of fossil insects. The weigk 
of the lines indicates in a very general way the comparative develop-
ment and importanM of the type. 
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Or, if we present the same facts for the existing orders s~ply, the 
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COMP .A.R.A.TIVE HISTORIES OF MYRIAPODA, .A.R.A.CHNID.A., .A.ND HEX.A.P· 
ODA. 
In conclusion we may note the contrasts which the geological histories 
of the Myriapoda, Arachnida, and Hexapoda present when compared. 
In the Arachnida four orders existed side by side in Paleozoic times, 
the most abundant of them disappearing at its close; the other three 
have cont,inued to the present time and appear to have been as widely 
separated from each other at that distant period as now, and only one 
of them has since received a preponderating development. In addition 
to this, three new orders make their appearance in Tertiary times, but, 
two of them being the very lowest of their class, their apparent absence 
from Mesozoic deposits is probably due to the" imperfection of the geo-
logical record," and it is not improbable that ali of these may prove to 
be the differentiated descendants of Anthracomarti, the order peculiar 
to the Paleozoic era. 
In the Myriapoda we find two very diverse orders existing in Pale-
ozoic times, which disappeared wit,h that epoch and were replaced ir... 
later times by two others equally and to some extent similarly distinct 
from each other and from those which preceded them. It is probable 
that they are the descendants of the early types and that a fifth order,-
at present only known in recent times, was also derived from one of 
them. 
In the Hexapoda, all known Paleozoic forms are referable to a single 
order, which disappeared at or shortly after the close of that era, be-
ing replaced in the Mesozoic epoch, through differentiation, by the seven 
existing orders. 
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We thus find that in the Paleozoic epoch_ we have in the Aracbni 
one extinct and three existing orders ; in the Myriapoda two extin .-
orders and none of the existing; in the Hexapoda one extinct order fill 
no existing ones, all of these being afterwards differentiated from 
common Paleozoic stock. 
In passing backward, then, we reach a common ancestral stock fo 
the Hexapoda as soon as the close of the Paleozoic epoch, and we con-
tinue to retain the same as far back as the Middle Silurian. In tl:.e 
Myriapoda we lose all .trace of the existing orders when we reach Pale. 
ozoic times, but find them replaced . by others as widely differentiated 
from each other as existing types among themselves, and one of the& 
types we trace back to the Middle Devonian. In the .Arachnida ont: 
half of the existing orders may probably be traced to a Paleozoic type-
since extinct, while the other half occur side by side with this extincr; 
type and one of them is.found as far back as the Upper Silurian. 
Notwithstanding, then, that winged insects are at present known 
from older rocks than any containing either Arachnids or Myriapods 
it would seem highly probable that the ancestral stock of these last vill 
yet be found in older deposits than will the true insects. The rela-
tionship of the Arachnida to the Merostomata and the probability tha· 
some of the early Myriapoda were amphibious render it further proba-
ble that the ancestral stocks of Arachnida and Myriapoda were o: 
aquatic habit, while it is evident that the ancestral winged Hexapod 
must have been, at least in adult life, terrestrial. Their apparitio~ 
would not therefore be expected to antedate that of land plants. 
The following table, in which the heavy lines are meant to indicate r 
chronological range of the presumed ancestral and extinct stocks, wbLc 
the lighter lines show that of the existing orders, will illustrate thes 
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[Bulletin No. 32.] 
The publication11 of the United States Geological Survey are issued in accordance with the statute, 
approved March 3, 1879, which declares that -
" T.he publications of the Geological Survey shall consist of the a,nnua.l report <'f operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. . The annual report of operations of the Geological Survey 
shall accompany the rmnual report of the Secret'ary of the Interior. All special memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other• 
wise in ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 
and for sale at the p1ice of publication; and ~11 literary and cartographic materials received in exchange 
shall be the property of the United States and. form a part of the library of the organization: .And the 
money resnl ting from the sale of such publications shall be covered into the Treasury of the United 
States." 
On .July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress: 
'' That when!)ver any document or report shall be ordered p1inted by Congress, there shall be printed, 
in addition to the number in each case stated, the 'usual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 
Under these general laws it will be seen that none of the Survey publications are furnished to it for 
gratuitous distribution. The 3,000 copies of the .Annual Report are distributed through the document 
rooms of Congress. The 1,900 copies of each of the publications are distributed to the officers of the 
legisla.tive and executive departments and to stated depositories throughout the United States. 
Except, therefore, in those cases where an extra number of any publication is specially supplied to 
this Office by the Secretary of the Interior, the Survey has no copies of any of its publications for gra.-
tuitous distribution. 
ANNUAL REPORTS. 
Of the Annual Report~ there have been already published: 
I. First .Annual Report to the Hon. Carl Schurz, by Clarence King. 1880. so. 79 pp. l map.-.A 
preliminary report describing plan of organization and publications. 
II. Report of the Dir~ctor of tho United States Geological Survey for 1880-'81, by J. W. Powell. 
1882. 8°. Iv, 588 pp. 61 pl. 1 map. 
ill. Third Annual Report of the United.States Geological Survey, 1881-'82, by .r. W. Powell. 1883. 
S0 • xviii, 564 pp. 67 pl. and maps. • · 
IV. Fourth .Annual Report of the United States Geological Survey, 1882-'88, by .r. W. Powell. 1884. 
S0 • :uxii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885. 
So. xxxvi, 469 pp. 58 pl. and maps. 
The Sixth Annual Repori is in press. 
MONOGRAPHS. 
Of the Monograp-hs, Nos. II, ID, IV, V, YI, YII, YID, .and IX are now published, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutt,on, Capt. U. S. A. 
1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
ill. Geology of the Comstock Lode. and the Washoe District, with atlas, by George F. Becker. 
1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Pri@e $1.50. 
V. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4°. xvi, 464 pp. 151. 
29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 
1883. 4°. xi, 144 pp. 541. 54 pl. Price $1.05. 
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. 40. xiii, 200 pp. HS pl. 
Price $1.20. 
vm. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 40, xiii, 298 pp. 24 l. 
24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibranchia ta of the Raritan Clays and Greensand Marls of New .r erse3 
by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. Price, $1.15. 
ADVERTISEMENT. 
The following are in press, viz : 
X. Dinocerata. A. Monograph of an Extinct Order of Gigantic Mammals, b y Othniel Charles 
1885. 4°. niii, 237 pp. 56 pl. 
XI. Geological Histor_y of Lake Lahontan, a Quat~rnary Lake of Northwestern Xevada, by 
Cook Russell. 1885. 4°. x:iv, 288 pp. 46 pl. 
XII. Geology ax1d Mining Industry of Leadville, with atlas, by S. F. Emmons. 
The following are in preparation, viz: 
I. The Precious Metals, by Clarence King. 
- Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague 
- Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, by Prof. 0. C. Marsh. 
- Stegosauria, by Prof: O. C. Marsh. 
- Geology of t he Quicksilver Deposits of the Pacifio Slope, with atlas, by George F. Becker. • . 
- The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Roland D. Irr.n? 
- Description afNew Fossil Plants from the Dakot!), Group, by Leo Lesquereux. 
- Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
- Report on the Denver Coal Basin, by Samuel F. Emmons. 
- Report on Ten-Mile Mintng District, Colorado, by Samuel F . Emmons. 
- Report on Silver Cliff Mining District, by Samuel F. Emmons. 
:- Flora of the Da,kota Group, by J. S. Newberry. 
BULLETINS. 
The Bulletins of the Survey will contain such papers relating to the general purpose of its work 8 
do not properly come under the heads of Annual Reports or Monographs. 
Each of these BnUetins will contain but one pape~ and will be complete in itself. They will, how-
ever, be numbered in a continuous series, and will in time be united into volumes of convenient sizes 
To facilitate thi1>, Pacl1 Bulletin will nave two paginations, one proper to itself and another which be-
longs to it as part of the volume. 
Of this series of Bulletins Nos. J to 30 are already published, viz: 
1. On Hypersthene-A.nclesite and on Triclinic Pyroxene in .A.ugitic Rocks, by Whitman Cross, WI 
a Geological Sketch of BuJfalo Peaks, Colorado, by S. F. Emruons. 1883. 8°. 42 pp. 2 pl. Price 10 cen--. 
2. Gold and Sil,er Conversion Ta,bles, giving the coining value of troy ounces of fine metal. etc .• by 
Albert Williams, jr. 1883. 8°. ii, 8 pp. Price 5 cents. 
3. On the Fossil Faunas of the Upper Devonhm, along the meridian of 76° 30', from Tompkins Counry 
New York, to Bradford County, Penns.vlvania, b.v HenryS. Williams. 1884-. 8°. 36 pp. Price 5 een--
4. On Mesozoic Fossils, by Charles A. White. 1884. so. 36 pp. 9 pl. Price 5 cents. 
5 • .A. Dictionary of Altitudes in the United States, compiled by Heury Gannett. 1884. 8°. 325 Pr· 
Prlce 20 c~nts 
6. Elevations in ,.he Dominion of Canada, by J. W. Spencer. 1884-. s0 • 43 pp. Price 5 cents. 
7. Mapoteca Gcologica Americana. A. catalogu.11 of geological maps of America (~forth and South , 
1752-1881, by Jules Marcou and John Belknap Marcou. 1884. s 0 • 184 pp. Price 10 cents. 
8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R. 
Van Hise. 1884. s0 • 56 pp. 6 pl. Price 10 cents. 
9. A. Report of work done iu the Washington Laboratory during the fiscal year 1883-'84. F. W. 
Clarke, chief chemist; T. M. Chatard, assistant. 1884. so. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walco 
1884-. 8°. 74 pp. 10 pl. Price 5 cents. 
11. On the Quaternary and Recent Mollusctt of the Great Basin; with Descriptions of New Forms. by 
R. Ellsworth Call; introduced by a sketch of the Qu:tternary Lakes of the Great Basin, by G. K. Gil 
bert. 1884. 8°. 66 pp. 6 pl. Price 5 cents. 
12. A Crystallographic Study of the Th1nolito of Lake Labontan, by Edward S. Dnna. lS&t. 
34 pp. 8 pl. Price 5 cents. 
13. Boundaries of the United States and of the se-veral States and Territories, by Henry Ganoe 
1885. 8°. 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of the Iron Carbur ts, by Carl .Barns and Vin 
Strouhal. 1885. 8°. 238 pp. Price 15 cents. 
15. On the Mesozoic and Cenozoic Paleontology of California, by Dr. C. A. White. 1 ·. 0 • 
Price 5 cents. 
16. On the higher Devonian Faunas of Ontario County, New York, by J. :M. Clarke. 
86 pp. 3 pl. Price 5 c nta. 
17. On tbe Development of Cry tallization in the Igneous Rocks of Washoe, by .arnold Ha_ 
J.P. Iddina . 1885. 8°. 44 pp. Price 5 cents. 
l • On Mai-ine Eocene, Fresh-water Mioc ne, and other Fo sil Mollusca of We tern ... ·orth 
by Dr. C. A.. White. 1885. 8°. 26 pp. 3 pl. Price 5 cent . 
19 • .,.ote11 on h trati~ro.phv of California. by Georir F. Becker. 1 ° - PP· Price· 
ADVERTISEMENT. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F . Hille-
brand. 1885. so. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 
5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White, M. D. 1885. 8°. 25 pp. 5 pl. 
Prico 5 cents. 
23. The Junction between the Eastern Sandstone and the Keweenaw Series on Keweenaw Point, by 
R. D. Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl. P rice 15 cents. 
24. List of Marine Mollusca, comprising the Quaternary fossils and recent forms from American 
localities between Cape Hatteras and Cape Roque, including the Bermudas, by W. H. Dall. 1885. 8°. 
336 pp. Price 25 cents. 
25. The Present Technical Conditipn of the St eel Industry of the United 'states, by Phineas Barnes. 
1885. 8°. 82 pp. Price 10 cents. 
26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents. 
27. Work done in the division of Chemistry and Physics mainly during the fiscal year 1884-'85. 
1886. 8°. 80 pp. Price 10 cents. 
28. The Gab bros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, Md., 
by George H. Williams. 1886. 8°. 78 pp. Price 10 cents. 
29. On the Fresh-water Invertebrates of the North American Jurassic, by Dr. C. A. White. 1886. 
8°. 42 pp. Price 5 cents. 
30. Second contribution to the studies on the Cambrian Faunas of North America, by Charles D. 
Walcott. 1886. 8°. 379 pp. pl. Price 25 cents. 
31. .A. systematic review of our present knowledge of Fossil Insects, including Myriapoda and Arach-
nids, by Samuel H. Scudder. 1886. 8°. 128 pp. Price 15 cents. 
Numbers 1 to 6 of the Bulletins form Volume I; Numbers 7 to 14, Volume II; Numbers 15 to 23, 
Volume ill; and Numbers 24 to 30, Volume IV. Volume Vis not yet complete. 
, The following are in press, viz: 
32. Mineral Springs of the United States, by Albert C. Peale, M. D. 1886. s0 • 235 pp. Price 20 
cents. 
33. Notes on the Geology of Northern California, by Joseph S. Diller. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 
and other groups, by Dr. Charles .A.. White. 
35. The Physical Properties of the Iron Carburets, by Cari Barus and Vincent Strouhal. 
36. The Subsidence of small particles of Insoluble Solid in Liquid, by Carl Barus. 
STATISTICAL P .A.PERS . 
..i fourth series of publications, having special reference to the mineral resources of the United 
States, bas been undertaken. 
Of that series the following have been published, viz: 
Mineral Resources of the United States [1882), by Albert Williams, jr. 1883. So. xvii, 813 pp. Price 
DO cents. 
Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. go, xiv, 1,016 
pp. Price 60 cents. 
In preparation : 
Mineral Resources of the United States for calendar year 1885, by Albert Williams, jr. 
Correspondence relating to the publications of the Survey, and all remittances, which must be by 
POSTAL NOTE or MONEY ORDER (not stamps), should be addressed 
T O THE D IRECTOR OF THE 
U ~'ITED STATES GEOLOGICAL SURVEY, 
W A.SHINGTOK, D . C., 8eptembtr 1, 1886. 
W A6HINGTON, D. C. 
DEPARTMENT OF THE INTERIOR 
BULLETIN 
OF THE 
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MINERAL SPRINGS OF THE UNITED STATES. 
BY A. C. PE.A.LE, M. D. 
INTRODUCTION. 
In attempting the collection of data for the statement of the commer-
cial value of the mineral waters of the country for publication in the· 
report on the Mineral Resources of the United States, 1883 and 1884,1 
it was necessary as a prerequisite to have a list of the springs from 
which these waters are derived. An examination of the few gen-
eral works on the subject very soon showed that all existing lists 
were incomplete. The tables given in this paper were therefore com-
piled, as the first step in the preparation of the mineral spring sta-
tistics of the United States. They were omitted from the paper pub-
lished in Mr. Williams's report, for want of space. Since the appearance· 
of that report they have been revised and, with the addition of such 
analyses as could be obtained, prepared for publication as a bulletin of 
the Survey. 
The most complete compilation previously made of the mineral springs· 
of the United States is believed to be that brought together by a com-
mitteeof theAmerican Medical Association2 and published in Vol.XXXI 
of the transactions of the association (1880). It enumerates about 500. 
localities. Walton's Mineral Springs of the United States and Canada,, 
published in 188p (third edition), mentions some 279 localities for the 
United States. Moorman's Mineral Springs of North America, issued 
in 1873, refers to or describes 171 springs. Bell's Baths and Mineral 
Waters, which bears the date of 1831, mentions 21 places, which are· 
increased to 181 in his Mineral Springs of the United States and 
Canada, published in 1855. A. N. Bell's Climatology and Mineral 
Waters of the United States, published during the latter part of 1885, 
enumerates 173 localities. The lists prepared for the present com-
pilation include 2,822 localities. Over 600 are places of resort and 
more than 200 sell the waters to a greater or less extent. Th_e lists 
may not be complete as to the number of localities and certainly are 
1 United States Geological Survey. Mineral Resources of the United States. Cal-
endar years 1883 and 1884. Albert Williams, jr. Washington, 1885. 
2 Drs.William Pepper, H. I. Bowditch, A. N. Bell, S. E. Chaille, and Charles Den-
nison. The list is referred to in this paper as "Pepper's list.'' 
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:not so far as the total number of individual springs is concerned. re-
ports not having been received from aU the localities. Still, they are 
,published as preliminary to more detailed work, which it is hoped may 
follow in the future. The information has been derived primarily from 
the various State geological reports, State guide and band books, Gor 
.ernment geological reports and maps, and various scientific publica-
tions. To enumerate all these sourees would be giving a large parr o 
the bibliography of the subject, a work now in preparation. Much ad-
ditional material has been obtained from members of the Geologi.:a 
Survey whose duties have taken them into so many portions of the 
-country. Supplementary data have been received in answer to a pe-
,cial set of inquiries _sent throughout t,be entire country, and effort..: 
have been made to verify the matter presented in regard to the variou· 
localities by direct correspondence in each instance. 
The answers to the questions, as a rule, have been very satisfactory. 
To mention all those to whom the writer is indebted on this score would 
be impracticable here. 
Although the scope of this paper is far from that of a treatise upon 
-the subject of mineral waters, it may perhaps be advisable to repear 
ihere the definition of the term "mineral water." The definition · 
,depend somewhat upon the point of view, whether it be that of the 
-chemist or of the physician or of some one interested only in the com-
mercial aspeet of the subject. Water is itself a mineral and is rarely. 
if ever, found pure in it~ natural state. As Daubeny says,1 the ter 
·" mineral water" in its most extended sense comprises every modin-
-cation existing in nature of that universally diffused fluid, whether con-
:Sidered with reference to its sensible properties or to its action upon life. 
Usually, however, the term is restricted to such waters as contain a 
unusual amount of mineral matter or which are characterized by an un-
usual degree of heat. · From a therapeutic point of view, all wate 
that have an effect upon the animal body are mineral waters, no ma~-
ter how feebly mineralized they may be. 
Where the springs barn been improved or where the water have b 
placed. upon the market, the definition has been used in thi paper 
its widest sense, and therefore all sucll springs have been included · 
the tables. The mention of unimproved springs, however, ha been 
stricted so far as possible to those of which the water are mineral iz · 
to a more or less marked degree. .A number of the pring include · 
the table , although of con i<lerable commercial importance wo 
pel'hap be c1a e<l as indifferent when viewed in the Ii ht of h 
ch mieal compo ition. . It mu t be remembered in tlJi connection 
cliemical analy es will not al way explain the efl' ct of a rniue1 al • 
1 Report on the pr nt tate of our knowledge with re pect to mineral au 1 
wat ·r , uy Charles Daubeny, M. D., &c., in ixth Repor 5.;;oc:iau1a.11 
for the <lvaucement of cieuce, p. 1, 1 6. 
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Many springs which have acquired great reputations for their medicinal 
effects are found, upon chemical examination, to be not so highly miner-
alized as many potable waters. That their medicinal value is recognized 
.and that they are sources of profit to their owners, and also indirectly 
an addition to the wealth of the localities in which they are located, 
.seem sufficient reasons why such springs should be noted. It is not 
proposed to discuss the relative merits of the-various springs. 
The tables of analyses appended to the lists under the different States 
will give an idea as to the chemical composition of the various waters. 
At present the facts as to th.e therapeutic action of our mineral waters 
are so meager and our knowledge of their effects is so inexact that it 
would be useless to attempt their classification from a therapeutic 
standpoint. 
Neither are the data sufficient for a complete reference of American 
springs to a chemical scheme of classification. Of the mo~e than eight 
thousand springs in our lists tmly a few more than eight hundred have 
been analyzed, so that the definite chemical composition of at least 
nine-tenths of the springs is still unknown. 
The classification of . mineral waters is a subject the consideration of 
which would require a separate paper, as its discussion is beset with 
many difficulties. All that is necessary here is to indicate the principal 
-divisions, to one or another of which the springs in the lists have been 
.assigned in a general way. First, the waters are characterized in regard 
to their temperatures, as either thermal or non-thermal, the temperature 
,column in the tables indicating, in most cases, to which of these classes 
iihe springs belong. Secondly, certain gases are usually present in the 
water of most springs, and these springs are indicated by the terms 
,carbonated, sulphureted, carbureted, &c. They are also mentioned as 
<1halybeate, alkaline, saline, calcic, silicious, or acid, according to their 
predominant or characteristic solid constituents, or by a combination 
of the terms when more than one is present in large quantity. 
Brine springs and wells (with a few exceptions where they have been 
used for medicinal purposes) have been omitted from the tables, as they 
are generally utilized in the production and manufacture of salt, · and 
are therefore not usually applied to the ordinary uses of mineral springs. 
They also formed the :subject of separate discussion iu the Mineral 
Resources, 1883-'84:, for which this paper was originally prepared. 
Tables of analyses of the springs for each State and Territory, so far 
as they llave been analyzed, have been compiled, and an attempt bas 
been made to get the analyses in the most authentic form. The results 
were found stated in some thirty or more ways. 
The limited time in which this paper was prepared did not permit the 
reduction of the analyses to one standard, and they are incorporated 
in the tables mainly ~s given in the sources from which they were taken, 
with the exception that where expressed in grains to fractions of the 
gallon they were increased to grains per gallon. When not otherwise 
stated in the tables, the gallon mentioned is the standard United States 
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or wine gallon of 231 cubic inches. Whenever there has been a choice 
between two or more forms preference bas been given to the one ex-
pressed as grains per gallon. Although this is not the most scientific 
method, -the majority of the analyses a.re so expressed. Of 819 analyses 
496 are stated in that form. It is popularly supposed to be the 
most jntelligible to the greatest number of persons. But it may be ques-
tioned whether grains per gallon is an expression so readily understood_ 
as parts to the hundred thousand or parts in one million, &c. Com-
paratively few persons have very ·definite ideas as to how much a grain 
of any particular substance is. When the results of analyses are ex-
pressed as grains or parts in 100, 1,000, 6,000, &c., it is only a matter of 
simple multiplication to bring them into comparable forms. 
The figures in the tables, with few exceptions, have been carried 
out to but two decimal places. Only quantitative analyses are included, 
and where s~veral analyses of a water have been made all are given 
with the dates, as far as they could be ascertained. 
It is impossible to mentio □ here all tuose to whom thanks are due for 
data used in the preparation of the chemical tables. In connection 
with each analysis is given t};le name of the analyst. A great many of 
the analyses have been taken from State geological reports, and par-
ticularly from reports of Government explorations in the case of thP-
Wes tern States. Various correspondents and .spring-owners through 
out the whole country have contributed information under this bead. 
Others to whom the writer is especially indebted are mentioned under 
the different State headings in the follvwing pag·e.s. 
The grouping of the mineral springs of the United States geograph-
ically ·has been by States, . according to the scheme of subdivision pro-
posed by Mr. Henry Gannett, geographer of the Tenth Oensus.1 Tb·~ 
brings the springs of each region into the same section and seems pref. 
erable in the present case to an alphabetic arrangement. 
The preliminary character of this paper must be kept in view, and ir 
will be esteemed a favor if attention is called to any errors or case of 
duplication that may have crept into these pages. 
I 
NORTHERN ATLANTIC STATES. 
The Northern Atlantic States might, perhaps, be divided, 
their geological features are concerned, into two divisions, viz, the ~-e 
England. States and those formerly included with the Middle State • 
In the former the rocks are of the older formation , referable mainl. 
to the Archean, sedimentary rock occupying relatively mall a ~ 
To this is, perhap , due the fact that the pring are, a a mle ..,o 
what le mineralized than are tho e of the remaining State . lkali 
wat r. ar more frequent in the ew England tate than in th 
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States; out, in both, sulphureted and chalybeate springs predominate, 
forming more than one-half the whole number. 
The Northern Atlantic States naturally have the greatest number of 
waters that are used commercially. This section has the greatest pop-
ulation in proportion to its area, has long been settled, and is wealthi-
•est. All these are reasons why we might expect to find mineral waters 
used to a greater extent. 
Summa1·y for Northern Atlantic States. 
Number of Number Number of Number of Number of spring lo• of snrings Total num-States. spl'ing lo• individual springs cali ti es used com- ber of ca1ities. springs. analyzed. utilized mercially. analyses. asredorts. 
Maine .......•............•. 41 49 20 9 11 22 
New Hampshire ..•....•.... 12 27 8 8 4 8 
Vermont .................... 47 74 8 11 7 10 
Massachusetts ....•...•.... 24 31 7 2 7 8 
Rhode Island .....•......... 6 17 2 0 2 ·2 
Connecticut .•••............ 16 20 2 2 2 2 
New York .................. 200 343 72 25 34 94 
New Jersey ................ 13 13 8 1 0 8 
Pennsylvania ......••.....•. 46 83 28 16 5 33 
Tot~l ..........•...... 405 657 1 155 1 74 1 72 187 
MAINE. 
The mineral springs of Maine belong to the classes of alkaline, saline, 
.and cbalybeate waters, the last predominating.' Ma1iY are sulphu-
reted and a few carbonated. None is thermal, the highest tempera-
ture attained, so far as we can learn, being but 50° Fahr. Most of the 
temperatures range from 400 Fahr. to 46° Fahr. 
The amount of mineral matter contained in the waters is usually 
small and some of the waters would be classed as chemically indiffer-
ent. A considerable num her are utilized, both commercially and as 
places of resort. Dr. Goodale's ." report on the mineral waters of 
Maine," in the sixth annuai report of Professor Hitchcock to the Maine 
board of agriculture, made in 1861, is about the only publication in 
which the mineral waters of the State are treated of systematically. 
Since that date, however, a number of springs have been discovered, 
and several of them brought into prominent notice, while others, then 
used as resorts, have fallen into disuse. 
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Name and location. 
Mineral springB of Maine. 
4) .. 
::l 
~ '"' Character of the 





.Addison Mineral Spring, .Addison, 
Wa~bmgton County. 
.American Chalybeate Spring, South 
.Auburn, Androscoggin County. 
.Auburn Mineral Spring. South Auburn, 
.Androscoggin Count.v. . 
1,800 
0 
45 .Alkaline, calcic. The water is sold . 
.Alkaline .... ... . Do . 
·-·· ... do····-~·-··· Do . 
Bethel Spring, near .Bethel, Oxford .......... . ... 42 Chalybeate and 
County. sulphnreted. 
Boothbay Medicina,l Millfiral Spring 1 300 46 Sulphureted . . . . Used commercially and 
East Boothbay, Lincoln County. as a resort. 
Ohalybeate springs: 
.At Anrlover, Oxford County . . . . . . . . •. • . . ..................•..•.. - . --• 
.At Biddeford, York County. ....... . ...... .. .................... . 
.At Dixmont, Penobscot County. ... 1 ...................... - ... -·. • 
At Gorham, Cumberland County... . .. .. .... .... ... .... ........ - .. -- --
At Harpswell, Cnmberland County ................. .... .... --• - •. - .. •· 
!f ¥<~:S\;~;n~~~;~d~h~~\j~~;~ty: :: ·::::: : ::::::: : ::: :::::: :::::: :::::: 
On Island in Portland harbor, Cum· ............................ - - . -. - . • 
berland County. 
On Upprr St. John, near Great . .. . . . . . .. . . . . . . . ................. . 
Black River, Aroostook County. 1 ,vater is sold. Crystal Sprin,g-, 1 mile south of AubuTIJ., 1 .............•••....... - .. -- --
Androscoggin Count~·. ........................................... Dexter Chal,ybeate Spring, Dexter, 
Penobscot County. 
Ebeeme Spring ....................................... _ ... Carbonated, 
chalybeate. 
Fryeburg Spring, west part of Frye- . . . . . . . . . . . . . . 43 .••. do .......... . 
burg, Oxford County. 45 Saline . . . . . . . . . . Used commercially and 
as a resort. Hartford Cold Springs, Hartford, Ox• 3 
ford County. 
Kata:bdin Mineral Springs. Katahdin 
Iron Works, Piscataquis County. 
3 . ·••··•·· .••. 
Sulpho - chalyb• Resort. 
eate. 
2,000 Lake Auburn Mineral Spring. North 
Auburn, .Androscoggin Count,y. 
Lo bee Saline Sprir,gs, bead of Lubec ...•..... • ... 
40 .Alkaline .•...... Used commercially an~ 
as a resort. 
Saline ... ....... . 
Bay, Wasllington Oounty. 1 
Ludlow Mineral Spring,Ludlow Town- 1 40 ..................... . 
ship, .Aroostook County. 
Macltiasport Spring, west part of Ma- . . • • . . . . • . . . . . . . . . Saline .......... . 
chiasport, ·washington County . 
. Mount Zircon Spring, Milton Plan ta- ........... . . . 
tion, Oxford County. 
. ... do .......... . 
North Waterford Springs, nort,hwest .............. 40 Sulpho- chalyb• 
ofWaterfoL·d Village, Oxforrl County. eate. 
Paradise Spring, near Brunswick, ........... , .. . . .. . . . . . . . . . . . . Very pure water, - • 
Cumberland Count:,. ha,e medicinal effi 
Poland Spring, 8outh Poland, .Andro• 1 490 51 .Alkaline....... . Used commercially 
scoggin County. as a, resort 
Poland Silica Springs, South Poland, 3 480+ . .• . ... do . . . . . . . . . . . Do . 
.Androscoggtn County. 
Rosicrucian Spriugs, Rosicrucian. Lin• 3+ 800 50 .Alkaline, saline 
coln County. Samoset Mineral Springs, Noblebor• .................. .Alkaline ....... . 
ough, Lincoln County. 
Scarborough Mineral Spring, Scarbor. 
ougb, CumbPrlancl Connt}'. 
300 45 .Alkaline, cha• 
lybeate. 
Sulphur spring~ : · 
In New Limerick Township, .Aroos• ...•.............................• -. 
took Co. 
In Sa<'carappa, Cumberland County ................................ -- . . 
Near Wells, York County.... . . . . . . . . . . . . . . . . . . . . . . . ..... . .... - •· • -• 
Near Mount Pleasant, Oxford Co.. ...... . . . .. .. . . .. Sulpbo- chalyb-
eate. 
2, 280 46 Alkaline . .. .... . Summit Mineral pring, Harrison, 
Cumberland County. 




Vienna prin!?, Vieuoa, Kennebec Co.. . ... .. ..... .. . . .. .... ••···· 
W st B tbel prin~, nrar W •st B tbel . . . . . . . . . . . . 42 Carbonated, cha- Was once• 
tatio11, Oxford Connt:v. J:,beate. 
West ewflel<l pring; 2 mile from • ............ . . 
1
... ulphureted .. . 
West N wfi Id, York County. 
(14~) 
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Scarborough Spring. Summit Min• I West Bethel eral Spring. Spring. 
-----
Total. .............. 24.85 . 31. 90 I 9. 09 4.029 
5. 92 
Poland Silica Springs. 
Constituents. Lubec Saline North Water- Paradise Springs. ford Sprin~s. Spring. 
Star Spring. Fountain Head Spring. 
Gra. imp.gall.f Grs. in 8,000.b Grs. per gall.• Grs. per gall.g Grs. per gall.g 
Sodium carbonate . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 36 ...... ... .. .. ...... - . . .. - -. - - -
~:~~!!t~! {;f~~::oa;!t~:: : ::: :: : :: :: : :: : ::: ::: :: : : : : : : . ........ -~:-~~ ........ .. -~--~~ .. ... --.. T;~~~s. 
Calcium carbonate .. . . . . . 6. 25 . • . . . . . . . . . . . • . 0. 07 2. 33 . . . . . . . . . . . . 
Calcium bicarbonate . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 39' 
il~1ii~1ii~i~i~:::::: .. ... --~~:-~~-. :~~~:::: ~~-:~~:: :::::::::::: ::: ---- -----::-:~-- ::::::::~~ii~ 
Calcium sulphate . . . . . . . . 11.' 21 . . . • • • . . • . . . . • . O. 06 . • • • . . . . . . . . . • . . •••••..••..••• 
I ron sulphate . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 01 . • • • • • . • . . . . . . . . ••••.... . ...•..•.••...••..••• 
.Aluminium sulphate . . . . . . . . • . . . . . . . . . . . 2. 73 .••••.•......•..••..••......•..•••••..••..••. 
Sodium chloride . . . . . . . . . . 199. 00 . . . • • • . • . . . . . . . O 02 4. 85 1. 51 
Potassium chloride ....... .. .. .. . . . . . . . . . . . .. .... .. . . . . . 0. 04 ............................. . 
Magnesium chloride... ... 62. 84 .•.•••..•....•..•..•............•.••..••...•..••••...•••.••• 
~~;rt\::): L::::''.·::? i:)::::i:: ::::::~;;: :::::::;;:;;: :::::::::::::: 
ift;z:::::: :: :::::::::::::: !::::: ::i'.°l ::::·: ::;:~: ::::: : :iii:::::::;:~! 
Total. ............. . 322. 50 
• Henry Carmichael, analyst. 
b George L. Goodale, analyst (1861). 
0 S. Dana Hayes, analyst (1876). 
d F. L. Bartlett, analyst (1875). 
7.25 
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o. 99 14. 29 
• With potassium carbonate. 
r C. T. Jackson, analyst. 
1 F. L. Bartlett, analyst. 
b With iron. 
3.95 
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Analyees of ,rnineral springs in Maine - Continued. 
Roscicrucian Springs. 
Constituents. Poland Spring. 
, ____________ , Addison lfiri. 




Sodium carbonate . . . . . . . . Grs. per £if Grs. per !.1f . ~s: .~~~ .~~~l: ~ . ~~.s: .~~~ ?.~~l:~ /. ~s: .~e:. .~~~:: 
Sodium bicarbonate . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . 7. 48 O. 94 0.443 
Magnesium carbonate . ... O. 30 o. 54 .••.••••••.......•....•.........•...... .. . ... 
Magnesiumhicarbonate.. ......•........ ............... 1.04 0.29 1 12! 
g:~~l~: ~t~·~i::::t~·::::: ......... :~ ~~ ........... :-.~~ .. · ·· · ·· · · ·iiii · · · ······ · ·0:41 ·· · ··· ···· · i64. 
t~~ gf~!i:oa::te·::::: ::: : ...... . :.~~~~ .. :::::::: ::: ::::c: :: : : : .: ::: : : :::::::::::::: ········· ·i:~=: 
Sodium sulphate . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . 0. 95 . • • • . . . • • . . . . . . 0. 
Potassium sulphate . . . . . . O. 18 O. 16 2. 31 0.19 0. 6'.: 
· -Calcium sulphate ... ·. .... . . • .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 5~~ 
Sodium chloride.......... O. 47 0. 26 19. 86 0. 20 0. •• 
-imfr~r~i~f:::::::: :::::::;;~~~:: ::::::::::::::: r .... ~~~~~.r. ::::::::::::::: ::::::::::::::: 
Lithia . .. . ................ Trace . . ................. •· • • • • • • • • •· · 
tr:~!~~:::::::::::::::: ....... T~~~~ ... ...... tt:i: ... · .·.·.·.·.· .· .· .· g.·:. g.· I.· .. · .s ...... T. ·r·a·c·e· .r .. ....... T.·= 
Silica . . . . . . . . . . . . . . . . . . . . 1. 07 1. 12 
Si.licic acid in solution . . . ... . .. . . . .. . . . . . .... .. . .. .. . . . ]. 02 0. 96 ....... •. . .. .. 
. iJ:~1~ ::~~:~: ::: : :: : : : : ......... ~:~~ .. J o. 23 f::::::: ·: ::: : · ::: : :: : ::: : ::: :::::: ::: :::::. 











. Ors. per gall.• Grs. in 6,000.' Ors. in 6,000.r Grs. per gall.g 
· Sodium bicarbonate ............................................................. • • • • · 
Magnesium bicarbonate.. I. 01 . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . 1. 92 
· Calcium bicarbonate . . . . . 3. 33 .. . . . . . . . . . . • . . . • • . . . • • . . . . . . 23. 27 
Iron carbonate........... . . . . . . . . . . . . . . . 5. 62 2. 10 .............. • • • • • • • • · • . ... . 
Iron bicarbonate . . . . . . . . . 2. 73 . • • • . . . . • . . • • • • • • • • . • • • • • . . . . . O. 31 
~~f~i~::~ui;ffai:~e.: :: :: : ......... 1: ~~.· ··•··• .. ii oi.. . ....... ... ... . 4· 05 
1~d~u8~ 1~~f;~d~·: :::::::· fJ~ ·········~:~~ ........... ~:~~ .. ·· ··· ·· ·iis9"' 
Potassium chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 1. 07 
Ma,gnesium chloride...... . .. . . . .. ... . . . . . . . . .. .. . .... .. . . •....... .. . . . O. 97 
.Iron oxide .. ............•. . ........... .... . ......... •.. ....... ... .... ................ 
.Alumina......... .. .. . ... Trace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 24 
~~:es:~.::::::::::::::: : ::::::: :: :: ·: :: . ... ..... ~:~~. . O. 10 
Silica. . . . . . . . . . . . . . . 0. 64 ..•........................... 
SiJicic acid in solution . .. . . . . . . . . . . . . . . . . ............. . .... . .............. .. ... • • • • • · 
Organic matter . . . . . . . . . . . Trace ... . .. . . ..... . ............... . 
Total. ............. . 12. 39 8. 97 I 3. 41 44. 6 
Total .. . . • . . . . .. .. . .. . .. .... . . .................... . . . ····· · / 
• F. L. B irt! tt, analyst (1870). r George L. Goodale (1 1). 
b C. F . Chandler, annly t. c Analyzed 18 2. 
; . • ,ma Haye , analy t (1877). b . Dana Haye , analy t (1 19). 
, • Dan Jio.ye , an lyst. 1 With alnmin~. 
• F. L. Bartlett, analyst ( ovember 15, 1883). JF. L. Bartlett, analy t (1 7 ). 
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NEW HAMPSHIRE. 
Mr. G. W. Hawes, in Hitchcock's Geology of New Hampshire, says 
there are a large number of mineral springs in various parts of the 
State and that chalybeate waters are the most comrnou. He mentions 
those of Pittsfield, Amherst, and Unity as the best known. Walton's 
book gives four localities. Pepper's list includes nine . ~n the present 
-catalogue the number is increased to eleven. 
A fair proportion are utilized commercially or as resorts, although 
as a rule the springs are not highly mineralized. In this respect they 
.agree with most of the springs in the other New England States. 
Mineral' BpringB of New HampBhire. 
ri, ~ ~ 
b.() p, ~ 
-~ 111 ~ A 
~ 0 qS' ~~ ... Character of the 
Name and location. .... ol p E Remarks, 0 b.()O water. ... .s"'" 
~ ... 
<l:) <l:) 




.Abenaquis Springs, Walpole, Cheshire 
0 
County. 
....... ·····--· --- · ..................... 
Amherst Soda ~rings, two miles from 2 ········ .... ...................... Resort. Amherst, n· sborough County. 
Birchdale Springs, near Concord, Mer- 3 ........ ---· Calcic, chalyb- Used commercially and 
rimack County. eate. as a resort. • 
,Bradford Mineral Spring, Bradford, 1 2,000 46 Carbonated, sa- Used commercially to a 
Merrimack County. line. limited extent and as 
a resort. 
Charlestown Springs, Charlestown, 
Sullivan County. 
....... .......... . .... Chalybeate ..... Unimportant. 
Milford (Ponemah) Springs, Milford, 4 440 .... Chalybeate, &c . Used commercially and 
Hillsborough County. as a resort. 
Moultonborough Mineral Sp'l'ing, Moul- 1 200 ---- Chalybeate ..... Used commerciallyprior 
_tonborough,·Carroll County. to 1882. 
PrneGroveor Amherst Mineral Spring,' 1 60 ...... Calcic, chalyb- Resort . 
Amherst, Hillsborough County. eate. 
Sulpho-Chalybeate SKring, half mile ........ ····-··· ..... ......................... northeast of Pitts eld, Merrimack 
County. 
Unit.v or Unitoga Springs, East Unity, 10 500+ 48 Alkaline or cal- Do. 
Sullivan County. cic saline. (1) 
White Mountain Mineral Spring, Con• ......... -------· ...... Alkaline ........ Used commercially and way, Carroll County. as a resort. 
Yacum Spring, Goffstown Centre, 1 120 48 •chalybeate ..... Resort. 
Hillsborough County. . 
AnalyBeB of minm·al Bp1·infjB in New Hampshire. 
Milford Springs. 
Constituents. 
Iron Spring. Magnesia Spring. Pouemah Spring. Milford Spring. 
Total ................. . 2. 88 I 6. 04 3. 03 5, 31 
• George E. Sewell, a11alyst'(l882). b .John M. Ordway, anal:,st (1883). 0 With soda. 
Bull. 32-2 (145) 
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White Mountain Pine Grove Unity Springs -
Mineral Spring. Mineral Spring. Iron Spring. 
Grains Grains Grains per Grai-ru 
S d' b per gallon.• per gallon.h imp. gallon. 0 per gallon.• 
g~fl~ g~£f~it~::: ::::::: : ::: .- ::.·.-:: :~:~~ :.- : :;: : : : : : :: : :::::: · --· · --· · · .:;:;;. · .-:::: _-: :_· _- _·_-.-_-~:-~ 
Ma cm~ bicarbonate......... . 2. 09 o. 65 . • •. • • •. .. • . .... •• 4.IT 
. ~~!~t;~i~a~!~~~~~;_:_t_e: ::::: .-:::: :: : : : : :~:~~ ~. ··••· · ... ,T;~;~-- ···· ·· · ···· -::-::-· ::::::::: _. _. ::.-~~~--
Irol!- bicarbonate . . . . . . . . . . . . O. 37 
Sodmm chloride . . . . . . . . •• • . . O. 38 O. 47 
P
Sodium sulphate. . . . . . . . . . . . . O. 26 .....•.. · .........•................•.. .••... - - .. - • · · · · · 
otassium sulphate.......... O. 07 o. 18 0. 35 
~aJ<?ium sulphate ..............•......................... _. .•. . .. 1. 63 
o mm phosphate . . . . . . . . . . O. 01 
irn~a0~~~: :::: :: ::: : :: :::::: •••••• •••••••• . ••..••••••••• - "o.'iii .. s··· ....... -0-·0·9··~· .•• • -· • • • · • · · · .. . 
Alumina. , . . . . . . . . . . . . . . . . . . . g: i~ Trace 1 · 5 (L..-
Organic matter . . . . . . . . . . . . . . O. 67 . • . . . . . . . . . . . . . . . . . .•..... , ... . ......•. - -• . -• - • • • · · · .. 
8~~b~~ri~~ici:: :: :::::: :::: :: :::::: :::::: :::: :: :::: :: :: : : :: :::: :: Undetermi;:X .......... .. --~~-
Total ................. . 
• C.F. Chandler, analyst (1873). 
b F. L. Bartlett, analyst (1882). 
5. 92 
VERMONT. 
2. 08 15. 52 11. 
• James A. :Babcock, analyst. 
d S. Dana Hayes, analyst (1874). 
In general the springs of Vermont are much like those of Maine an 
New Hampshire, except that they usually contain a larger proportio 
of mineral matter. This may be due in part to the fact that the roe · 
through which the springs rise ·belong more frequently to the e i:-
mentary series. Sulphureted springs are most abundant. Of .,~ 
springs whose character is indicated on the list, nearly all are inclad 
in this class. Calcareous tufa is found in connection with many of th 
springs. 
Prof. Edward Hitchcock, in a letter to Prof. C. B. Adams,1 in 1 ... 
describes a thermal spring at Bennington. He does not girn the te 
perature, but compares it with the spring at Williamstown Ma-
which is only slightly thermal. Clarendon, Alburgb, aml Highg 
springs appear to be the best known springs, although other are a 
largely used. The Clarendon springs are said to have been tc 
medicinally in 1776, Alburgh has been a place of re 0 r t ince 1 
and the use of Highgate dates back to 1840. 
1 Second .Annual Report on Geology of Vermont, p. 250 Burlington, 1 6. 
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J'ULB.] VERMONT. 
Mineral BpringB of Vermont. 
Name and location. 
Albnrgh Springs, Alburgh Springs, 
Grand Isle County. 
Beardsley Iron Springs, Alburgh 
Springs, Grand Isle County. 
Barre Mineral Springs, Barre, vVas hing-
ton County. 
Bennington Thermal Spring, Benning• 
ton, Bennington County. 
Berkshire Mineral Springs, West Berk-
shire, Franklin County. 
m t ~ bl) ~ .s 17.) ~ 
~ = (J) ,,gr,; 





ca= b.[;O ~ water. .s..cl ... <l) 
~ i:l. s .8 <l) 
Ja<t E-t 
0 
45 53 Saline, sulphu-
reted. 
3 . . . . . • • . . . . . Chalybeate and 
sulphureted. 
2 . • • . • • • . • • • . Sulphureted .... 
2 ·••••••· •••. Sulphureted ..•. 
19 
Remarks. 
Used commercially and 
as a resort. 
Do. 
Resort. 
Bower Spring, near Hartland, Windsor 
County. 1 ........... . Sulphureted . . . . Was a resort at one time. 
Brunswick White Sulphur Springs, 
Brunswick, Essex County. 
6 1,000 48 Chalybeate and Used commercially and 
sulphureted. as a resort. Central Spring, Sheldon, Franklin 
County. ·····- ··-····-· .... ···--------··-----
Champlain Spring, near Highgate, 
Franklin Countv. 
1 160 • • • . . • • • • . . • . . . • . . • • • . Little used at present. 
Chester Medicinal Spring, near Ches-
ter, Windsor County. .................. Sulpho-chalyb-
Clarendon Mhieral Springs, Clarendon t 
3 Springs, Rutland County. S 
eate. 
640 S i~ ~Cai:bonated, cal-l 50 i ClC, 
Elgin Spring, Panton, Addison County. 
Gnilford Mineral Springs, Guilford 
Centre, Windham County. 
Haynes Mineral Spring, Hardwick, 
Caledonia County. . 
Harrington _Springs, 2 miles north of 
Quechee, Windsor County. 
1 ........ 46 Saline ......... .. 
3 . . . . Saline, chalyb-
eate. 
1 ········ .... ·················· 
Used commercially and 
as a resort. 
Used commercially. 
Five or six years ago 
used commercfally and 
as a resort. 
Was once a resort. 
Highgate Spring, Highgate Springs, 
Franklin County. 
Iodine Springs, near Berkshire, Frank-
lin County. 6 ·••····· .••. 
Sulpho-saline . . . Resort. 
Sulphureted .... 
Lunenborgh Chalybeate Mineral 
Spring, Lunenburgh, Essex County. 
Martin's Spring, north part of Shafts-
bury, Bennington County. 
65 43 Chalybeate ...•. 
3 ··•••··· .... ••••s••···••··••·· 
Middletown Mineral Springs, Middle-
town Springs, Rutland County. 
Mineral springs: • 
Near Back, or Pilots burg, North ....•..••..•...••..•••••......•..••. 
Hero, Grand Isle County. • 
In So nth Hero, Grand Isle Countv, 2 ............................. . 
West of Stowe, Lamoille County~ ..................................... . 
In Williamstown, Orange County. . ................. . 
In Cabot, Was_bington County..... 2 • Iron and sulphur 
In Vernon, Wmdham County..... . ................•. 
Missisquoi Spring, 3 miles south of ................................... . 
Sheldon, Franklin County. 
Resort ; also sold to 
some extent. 
Unimproved; once had 
considerable reputa 
tion. 
Usecl commercially and 
as a, resort. 
Unimportant. 
Used commercially. 
Newbur_y Springs (Montebello Springs), ~ 
Newbury, Orani;e County, S 
North Wolcott Spring, North Wolcott, l 
48 ~Sulphureted, cal- i 
2 ..•... to cic,andchalyb- Resort. 
55 ea.te. 
120+ . . . . . . . • . . . . . . . . . . . . . . Was once a resort. Lamoille County. 
Plainfield Spring, Plainfield, Wash-
ington County. ' ········ .... Sulphureted . . . . Has been a resort. 
Sanrlerson Spring, 3 miles south of . . . . . . . . . . . . • . . . .. . ..........•...... 
Woodstock. Windsor County. 
Sheldon Spring, Sheldon, Franklin 
County. 
Used medicinally to 'a, 
limited extent. 
500 45 Alkaline, saline. Used commercially and 
as a resort. 
Sudbury Mineral Springs, Sudbury, ................................... . 
Rutland County. 
Sulphur springs: 
Northeast of Orwell Centre, Addi, ................................... . 
son County. 
Two miles west of Tunbridge, Or- .••..•......•...•..•••••.••...•...•. ange County. 
(147) 
Has local reputatjon. 
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Mineral springs of Vermont-Continued. 
al ~ ~ ~ !:>I) A = 112 ·a i::: f;:;t 
A 0 oS 
Cl! ~~ ~ Character of the Remark&-Name and location. .... 0 b06 : water. ~ .s~ ~ 
's !:= i::i. 8 
~ ~ ~ E-i 
Sulphur 11prings-Continued. o 
One mile south of West Randolph, ..•.•..••......•...•••••.••.•••• . .• . 
Orange C1mnty. 
Near Hartland Four Corners . • . . . . . . . . . • . . . ••..•••.•••••.••• • • • • 
Windsor Countv. ' 
Northe~stern part of Arlington, ............. .. .................... . 
Bennmgton County. 
Near Andover, Windsor County ...................................... . 
Western part of Sudbury, Rutland ................................... . Local reputation. 
County. 
Near Chelsea, Orange Co . . . . . .. • . . 3 . • • • . • • . . • • . . ................ . 
Western part of Craftsbury, Or• ................................... . 
leans CountS. 
N orth~ast of · towe, Lamoille Co ............... : ..•..••.•.•••••••••••• 
Near East Montpelier, Washington 1 ............................. . Not important. 
County. • 
"Vermont Springs, Sheldon, Franklin Co .................................... . 
·warren SJ•ring-s, eastern part of War• ...••..•••.••......••••...•••.••.••• 
ren, Washington County. 
'Welden Springs, St. Albans, Franklin ................................... . 
County. 











Guilford Mineral Springs. 




~:~;j~ ;:r:::::::::: . :: : : : : : : : : : :: : OubW ':r'll /: :: : : : : : : : : : ::r:::::::: :: : : : ::···· .. ·· .. 
• C. T . .Jack on, anal,v t (1868). • With calcium chloric.le. 
b A. A.. HavPs, analyi,t. r With pota. ~ium . alphide. 
; p •A.and .. Dana Ila.ye , analysts (1869). , With calcium carbon t 
eter Collier, analyst. • With trace of nitrate of po 
(14 ) 
PEALE,] MASSACHUSETTS. 
At:olyses of mfaeral sp1·ings in Vermont-Continued. 
Highgate Springs. 
Constit,uents. 




• A. A. Hayes, analyst. 
b T. St,erry Hunt, analyst (1867). 




Montebello or Newbury 
Springs. 
37. 60 I 157. 96 I 
d I. P. Dix, analyst. 
• S. Dana Hayes, analyst (1867) . 






The State of Mas~achusetts is ot remarkable for the occurrence or 
mineral springs. The list contains twenty-one localities. In most lists 
only two are included, viz, Hopkinton Springs and the Berkshire Soda. 
Springs. The former was once an important place of resort, but at 
present its springs are not utilized to any considerable extent. Brook-
field and Shutesbury were also once much frequented. 
Professor Hitchcock, in the reports on the geology of Massachusetts 
made in 1833 and 184:9, says that chalybeate springs are common 
throughout the State, occurring in nearly every town, usually rising in 
low ground containing bog iron. Many of these springs have a local 
reputation and a few are used commercially. Such analyses as have 
been made show that as a rule the waters are not highly mineralized. 
A mineral spring near Williamstown is said to be slightly thermal and 
in the extreme southwestern part of the State, near Mount Washing-
ton, there is reported to be another similar spring. 
(149) 
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.Jfineral springs of Massachusetts. 
- -
rti fil 
"" bl) A i .s l1J r:,;; .. = 
~ 0 (I) ::=a ~ Character of the R emaiok& Name and location. .... ~6 0 ~ water. ... .s.i= ~ ... ~ .a 
~ A ! ..9 i ~ ~ -
--
0 
Allandale Springs, West Rox:bury,. Suf-
}2 1,250 HH Alkalin~ .....•.. Used commercially. folk County. 
Berkshire Soda Strings, near Great Bar 2 .......... . ----·· ·····--·-·····---· Do. 
rington, Berks ire County. 
Bethlehem Spring, Worcester Co., 1 ........ . -----· Alkaline ........ Do. 
near Braggville. · 
.Brookfield Spring, Brookfield, Wor- ... ......... . ........ Carbonated 
cester County. chalybeate. 
Ohalybeate sprmgs: 
Unimproved. South Hadley, Hambshire County. 2 100 60 ------ .....•...... 
Deerfield, Franklin ounty ........ f ti},-~~~~~~i;·~~~{;~~i Crystal Mineral Springs, Stoneham, 2 Used commercially. Middlesex County. 60 eate. 
Coldbrook Mineral Springs, Coldbrook 2 . . . • • • Sulpho - chalyb- Resort. 
Springs, Worcester County. eate. 
Used commercially. Commonwealth Mineral Spring, Wal- 1 600· 48 Alkaline ..•..... 
tham, Middlesex County. Used commercially and Echo Grove Min~ral Spring, Lynn, 1 ......... ........ Carbonated ..... 
Essex County. as a resort. I 
Everett Crystal Spring, Everett, Mid- 1 3,000 ........ Calcic-saline .... Used commercially. 
dlesex County. 
Hopkinton Springs, Hopkinton, Mid- ..... ····---· ---- .. C-arbonated Was once a resort. dlesex County. chalybeate. 
Mendon Mineral Springs, Mendon, .... .......... ······ Carbonated ..... Worcester County. 
Mineral springs: 
Adams, Berkshire Uounty ..•.. · .... ......... . ......................... 
Pittsfield, Berkshire County .. ...•. ...... .......... . ........ -----------------· Once used as a, resort. One mile from South Hadley, Hamp- ---··· ..................... 
shire County. 
West Medway, Norfolk County ... ·----- .................... 
Springfield, Hampden County . ...•. 
·Tep- Contains nitro-Five miles south of Williamstown, 
Berkshire County. id. gen gas. 
Near Mount Washington, Berk- --·· . ......... 46 .......................... 
shire County. 
One or two miles sou th of Hinsdale, ..... -.......... ----- Sulphureted .••. 
Berkshire Countll. 
Mineral Spring (poo ), Shutesbury, 1 ............ ----- ------············ Once used aa a resort. 
Franklin County. 
Mount Mineral Springs, Shutesbury, 3 ·-······ -....... ...................... Do. Franklin County. 
Sulfhur Springs, two miles northeast ....... -. ····· . ..... ·······-·····-···· o North Blandford, Hampden Co. .,. 
(150) 
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Spring. Echo Grove Mineral Spring. 
' 
Grains Grains 
per gallon. a per gallon. b 






Sodium bicarbonate . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . • • . . . . . • . 0. 10 - - - •• - . - - - - • • -
Magnesium carbonate . . . . . . • . . . • • . . 0. 40 O. 55 • • • . . . • . . . . . . . . . 1. 43 
Magnesium bicarbonate . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • • • • • . . . . . . . . . . O. 76 • - - ..... - - -• - • • • 
Calcium carbonate. .................. 0. 70 0. 60 ..••••..• . .• •. •. 4. 27 
-Calcium bicarbonate .........•........• -•.•..•.. -. -•..••........ . . - .. 1. 38 
Iron carbonate... .... . . . . . . . . . . . . . • . . . 0. 02 0. 07 
Lithium bicarbonate................. . . .. .... .. .•.. •. 0. 03 
-Sodium sulphate....... ... . . . . . . . . . • . 0. 37 O. 33 .••••. . •.. - .. - - ..•• - . - . - - • - - • • - • 
fgJ~i~uchl~~lK~~~~:::::::::::::::::: iJ~ Uf 8Ji n~ 
:Silicio acid in solution . . . . . . . • . . . . . . . . . . . • . . . . . . • . • • . . . • . . • . • . . . . . . • . 0. 37 0. 67 
f:~i~ :: : : : : :: : :: : ::::::::: :: : :::::::: .......... ~~~~ .. .......... ~·. ~~ .. ....... · T;;c~ .. -......... T;;c~ 
.Alumina .............•....•.•..... ~.. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . Trace ............... . 
Organic matter . . . . . . . . . . . . . . • . . . . . . . 0. 29 0. 27 No.trace 
Water of hydration . . . . . . . . . • . . • • • • • . • 0. 39 0. 39 
Total ..••••.•••.......•.••. , ••. 3. 30 3.48 4. 01 8.41 
Coldbrook Springs. 
Constituents. 1-------,-------1 Everett Crys- Commonwealth 
No. 1, sulphur 
spring. 
No. 2, iron 
spring. 
tal Spring. Spring. 
Grains Grains • Parts Grains 
. . per gallon.• per gallon.• per 1,000.r · per gallon.• 
t:~:s~~b~~!;~~~ate·: ::: ::::::::: :::::::::: ::: : : : :: : : :: : : : : : :: :: : ::::::: :: : : : : : :: 8: m 
Calcium bicarbonate................. .•.••• .•. •.• .. .. .••. .• .... .•••.. o. 0213 0. 447 
l~~fi[Jt?I\rn:: /\+? t+?+ ·······1tm·· ···········:::; 
Sil~cic acid in solution . . . . . . • . . . • • • • . 1. 27 1. 11 • • • • • • • • • • • • • • • • · • • • · • • • • • • o: 370 
f.f f \/\\\/)\\l/ :;;;;)\i :;;;;;;;y\ :;;;:)B;: C'.'.'.'.'.~ 
C ota:ih and soda..................... 1. 48 ......... ·o:5o .. ::::::: ::: :::: :: : ::: :::~:::::::: 
8suulhfpihhiu~r: 1· c: :a: ·c· .1:d: :. ·.· ·.· ·.· ·. :. :_ ·_ .. : ·_· :. :. :_ · .. -.- .: .: .: ·.· :. :. :. :. t . 0o·. 4710 ••••••••••••••• f. . . • . . . . . . . . • • • . . . .•. •• . .• ..• •• . . 
5 o. 22 ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Ammonia.... . . . . . . . . . . . . • . . . . • . • . . . . {K) 
t~~~j:~if -~~~~~~~:::: ::: : : : : :: : :: • • • • • • •. C • ii."20 • • ::: : : :: ::: i:~~:: : :: : : : : ~~-:~~~~ :: : ::: :: : ::: : ::: : : 
£rgan1c matter . . . . . . . . . . . . . . . . . . . . . . t g u. 69 o. 31 ~ -••••• - • • . • • - - • • · • • · · • • • • • · • • • • • WS~ ---i:ii""«i .. t;····················} l ............. ... ······· ········ · v1 !uO ~ ra lOn;···::············ 24 .28 16.64 .•• •..•. ... .. •• ..• .•••..•..••.. • 
o a e ma ter ( on_ 1gmt1on) ...................................••... · 1 0. 0530 .•.....•••.••••. 
Total .... . _... .... . . . . . . . . . . . . . . 31. 60 \ 20. 80 O. 1656 2. 450 
a William Ripley Nichols, analvst. 
b E. Cornell Esten, analyst (1885). 
c S. Dana Hayes, analyst (1&'79). 
dCharles R. Fletcher, analyst (1880). 
•_A. A. Haye11, analyst. 
'Samuel Cabot, jr., analvst (1882). 
giron oxide, ammonia, loss, organic matter, all 
equal 0.69. 
h With free ammonia. 
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MINERAL SPRINGS OF THE UNITED ST.A.TES. 
RHODE ISL.A.ND. 
The record of mineral springs for Rhode Isla-nd is somewhat mea ir 
and so far as we can learn the springs are of comparatively little imp · 
ance. It is said that, in connection with the spring near Pa wtuc~ 
there _was in operation for a number of years an extensive water-cm 
and medical establishment. 
There may possibly be a few springs in the State that have escap 
notice, and if so the waters are likely to be somewhat chalybeate. 
Mineral springs of Rhode Island. 
t r.. ..; Q;) .s A i or., r,:, r.. @ A ~ co :::i..; Character of the Name and location. .... di= .& Remarks. 0 bl)O water. 




~ s .s al 
~ ~ ~ 
---
0 
Cranston Mineral Spring, on Socka- ......... ---···-· ·-·--· Chalybeate . - ... Unimproved. nosset Hill, Cranston 'l'ownship, 
Providence County. 
Cumberland Spri~, Cumberland . ....... ..... ...... ......... ·-·····-·········· 
Hill, Providence ounty. 
Darling's Mine~al Springs, near Paw. . . . . • . . . . . . . . . . . . . . . Chalybeate and Once a water cure 
tucket, _Prov1de!1ce County. sulphureted. sanitarium. 
Holly Spnng, 2 mlles east of Woon. 1 180 ..•.•. 1 Alkaline ....... Water is sold. 
socket, Providence County. 
W ateris bottled and Ochee Springs, Jobnsol! Township, 12 500 45 Alkaline, calcic. 
3 miles from Providence, Provi• 
· dence County. 
Unimproved. Warwick N k y· 1 S · I I Chalybeate ..... ec mera pr1ngs, . • • • . . . . . . . . . . . ..... 
Warwick Neck, Kent County. 
' I 
.Analyses of mineral spri11gs in Rhode Island. 
Constituents. Ochee Springs. Holly SpriI: . 
Grain& 
Calcium carbonate...... . . . . . . . . . . . . . • . . • . . • . • . . . . . . . . . . . • • . . . . • . . . . . . per gaffo~ 
~iri~t?ii!H H!H\iiiiiiiiiiiiiii!HHi Ii if 
Potassium chloride ...........•...•....•....•.•.....•....••...... . ... . .•••.. .......... 
Silica ....................•.................•...•....•..••....••••..... . .......... .... 
ji)~:tf }\H!!iff!\H!!!f fi!f ff!Hf!HHfii-!. .. JI 
Total .. ... . ..... . ..................... . 8. 9 9 





The mineral springs of Connecticut are comparatively unimportant;. 
at least in p~int of number, and, so far as known, they are feebly 
mineralized. They are mainly weak chalybeates, 0ccurring under the 
same circumstances as do those of Massachusetts, in deposits of bog-
iron ore or in connection with iron pyrites. Some are also feebly sul-
phureted. Although the majority are unimproved and but few are used 
commercially, many have considerable local reputation. Prof. C. W. 
Shepard in 1837 speaks o( the springs at Stafford as being the most 
important in the State, and this is still the case. This locality is the 
only one given by Walton. Many of the places once resorted to are 
now abandoned. The present list is made up from Professor Shepard's. 
report, supplemented by information acquired by correspondence with. 
various persons in the State. 
Mineral BpringB of Connecticut. 






~ ~ ~ ~ 
---
0 
Bald .Hill Spring, Portland, Middlesex ........ ............ ---· Chalybeate ..••. Unimproved and unim-County. portant. Ohalybeate springs : 
Cromwell, Middlesex County .. .... -----· .......... .... --------·--····-·- Im proved about 50 years,. 
Two miles east of South Kent, 
ago; unimproved now; 
Litchfield County. 
......... ---·---· .... ··-·····--· · ···-·· 
Four mile1s west of Litchfield, ....... ·····--· ..... . ........................... Litchfield County. 
Collins Hill Spring, Portland, Middle- ·-·--- ............ . ... . ....................... Unimproved and unim, sex Countv. portant. Holurook Mineral Spring, Lebanon, ....... . .......... ··-· Sulphureted .... Improved 15 years ago . New London County. 
Kenyon's Mill Spring,' Colche·ster, New ·-·--· . ..... ·--- ·········--------- Used locally. London County. 
Mineral Springs, North Woodstock 4 .......... ---- Sulphureted Once a resort. Windham County. ' cbalybeate, &c. Oxford Spring, Oxford, New Haven ....... . ........ .... Chalybeate ..... Used commercially . County. 
The Pool, North Haven, New Haven 1 480 50 .... do ............ Has local reputation. Connt$' 
The Pool, alisbury, Litchfield County. 1 ---··--· ..... ··-····-···-··-·-- Once had a local reput~ 
The Pool, Suffield, Hart.ford County ... tion. 1 --· ···· · .... Sulphureted .... Was . a resort 30 years-
ago; has local reputa-
tion. 
Staffc,rd Springs, Stafford Springs, Tol- } 2 ?5+ \34! Ohalybeate •.... {Resort; most important land County. . {to 
46 :in the State. 
Stark Mineral Spring, Bozrah, New 1 200 46 Saline .•.••..... Used commercially anfli London County. as a resort. Strong's Mill Spring, Colchester, New 1 . ........ ...... Cha,7rbeate and Has local reputation. London County. su phureted. 
siphnr Spring, Nepaug, Litchfield 1 ...... --.... ......................... Unimproved . ouuty. 
(153) 
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Analyses of mineral springs in Connecticut. 
Constituents. 
Oxford Spring. Stark Mineral Spring. 









Total. ......•••..........•.....•....•.••..•••.••.•••.•...•..... _ 6. 22 /-~ 
• George F. Barker, analyst (1873). b S. W. Johnson, analyst (1880). 
NEW YORK. · 
New York is distinguished among her sister States for the number 
,of her mineral springs. On the list she is credited with a greater num-
ber of localities than any other State, which may be due to the fact 
that attention has been more drawn to the subject of mineral springs in 
New York than in most other States, probably on account of the com· 
mercial success of the Saratoga Springs. It is due also, in part, to the 
fact that the springs have been pretty thoroughly studied and so many 
--of them subjected to chemical examination. The list given by Professor 
Beek in Vol. III of the New York Geological Reports was very complete 
for the State at the time it was published (1842). Since then many 
springs have been discovered. Some considered unimportant at that 
time have since been developed, while others used as resorts have been 
abandoned. The springs are· of great variety. The majority of them 
are sulphureted. As to t,he solid mineral contents, saline and cbalybeate 
springs predominate. Thb ~1ighest temperature reached by any of the 
springs is at Lebanon, where the thermal spring attains 75° F. Severn! 
,of the springs at Saratoga and Ballston have temperatures that exceed 
the mean annual temperatures of those places, and are, therefore, in a 
strict sense, thermal springs. 
Another point of interest in relation to the New York mineral prings 
is the occurrence of springs containing free sulphuric acid, as springs of 
this class are somewhat rare. The most celebrated spring of thi cla 
in New York is probably the Oak Orchard spring. 
The Saratoga Spring are the most widely known of American pring 
.and have many namesake in all parts of the United State , being in 
all probability the fir t min ral prings of the country to be improved 
a a place of re ort, the fir t hotel for the accommodation of i itor 
having been opened there in 1774. 
(154) 
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Mineral springs of New York. 
Name and location. 
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1 ........... . 
Character of the 
water. 
Remarks. 
Chalybeate ...•. Used commercially. 
Saline .••....••. 
27 
Albany Artesian Well (500 feet), Al-
bany, A.lbany County. 
Auburn Spring, 4 miles west of Au• 
burn, Cayuga Courity. 
1 ........... . Sulphureted .... Has a local reputation 
and is sold to small ex• 
tent. 
Avon Sulphur Springs, Avon, Liv• 
ingston County. • 
llallston Spa Springs, Ballston, Sara- . • • • • . . ............................ . 
4 7,660 50 .••••. do ........ . Used commercially and 
as a resort. 
Resort. 
toga County. 
Artesian Lithia Spring . . . . . . . . . . . . 1 5 52 Saline . • • . . . . . . . Used commercially. 
Franklin Spring................... 1 . . . . . . . . 52 . · ... do .......... . 
Iron Spring........................ 1 .. 4_,_o_o·O· _ •... ·• · .. ·. · .. _dd.oo -.. _ ·. ·. -. ·. •. •. •. •. ·. 
Sans Souci Spring . . . . . .. . . . .. .. . .. 1 
Unite~ States ~p~ing ... . .. . . .. .. .. 1 ........ 50 .... do .......... . 
Washington Lithia Well........... 1 ........ 49 .••• do ......•.... 
Barton Sulphur Spring, near Waverly, ................. . ................. . 
Tioga County. • 
Do. 
Byron Acid Spring, Byron, Genesee Co. . • • • . . . . . . . . . . .. .. Acid .......... . 
Cairo White Sulphur Springs, Cairo, . ... .. ... . .. . . . . Sulphureted .... Resort. 
Greene County. 
-Oalcic springs: 
Near Sempronius, Cayuga County. . ................................. . 
Near Chateaugay, Franklin . . . . . . . . . . . . . . . • • . . ................ . 
County. 
On Otsquago Creek, Stark Town• ................................... . 
ship, Herkimer County. 
Near Starkville, Herkimer County ................................... . 
At Caledonia, Livingston County .................................... .. 
Near Cartersville, Monroe County. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • U nimp:oved. 
Insouthwesternpartof .Wheatland . ..... ..... ... .••. .................. D,~ 
Township, Monroe County. 
In Cather's Cave, Ii ear Niagara ................. ... ............... . 
Falhi, Niagara County. 
Near Syracuse, Ononua'ga County.. . . . • . . . . . . . . . . . ••......•.......•.... 
At Manlius Centre, Onondaga . .. . .. .. . . . . .. . . . . . ................ . 
County . 
.At Onondaga, Onondaga County .......... : .. . • . . . . . .. •..•.•••......•. 
North of Otisco Lake outlet, On• . • . . . . .. . . . . • . . • . . .. . . • . . • . . . • . . . • . . , 
ondaga County . 
.At Schoharie, Schoharie County.. . . .. . . . . • • . . • • . . . .. . .............•.. 
Four miles northwest of Gouver• ................................... . 
neur. Saint Lawrence County. 
Near Ithaca, Tompkins County .................. . ........... __ ....... . 
,C In Washington County . . . . . . . . . . . . . _.... . ........... . ......••.....••.. 
.,..,anoga Springs, Canoga, Seneca Co ...................................... . 
-...,ayfugaMineral Spring, 2½ miles north 1 50 ..•...•••..••.....••.. Used commercially. 
o Cayuga, qayuga County. 
-Ohalybeate spnngp: 
Five miles northwest of Auburn, .................................... Used locally for medio-
Cayuga County. inal purposes. 
Four or five miles from West Troy, ................................... . 
.Albany County. 
::iouth of Canaan Centre, Columbia ................................... . 
County. 
Livingston, Columbia County ............ . ............................ . 
Near Siuney Plains, Delaware Co ........ . ............................ . 
T wo miles from Bloomville, Dela• ................................... . 
ware County. 
Three miles above Walton, Dela .................................... . 
ware County. · 
Near Upton Pond, Dutchess County . .. . .. . .. . . • . . . • • . .. ..•.....••.••..• 
Near Kline's Corners, Dutchess Co ...... ~ ............................. . 
Near Williamsville, Erie County ..................................... . 
Two miles north of Elba, Genesee ................................... . 
County. 
North },)art of Warren Township, ................................... . 
Herkimer County. 
Bethel , in 8tark Township, Herki• ................................... . 
mer Countv. 
South part of Pittsford Township, . . . . • . . .. .. .. . . .. . . .. . . • . .. .. .. .. . . . Unimproved. 
Monroe County. 
(155) 
28 MINERAL SPRINGS OF THE UNITED STATES. 
Mineral springs of NewYm·k-Continued. 
ori ~ i,.; al 
bl) A i -a ID f;lc; .:i 
A 0 ~ 
IQ ~a i Character of the Remarks. Nauie aBd location. .... 0 b(.!o wa~r. 
~ .s.i:l ~ IP ,:, 
e::: 
A : 8 ~ IP E-1 
-------
Ohalybeate springs-Continued. 0 
Near Lewiston, Niagara County ....•••.•....•••..••..••••••••••• •····· 
Van Buren Township, Onondaga Co . .•••••.••..••.•••..•••••.•• • • • • • • • • • 
rear West Point;, Orange County ......•..•••.••..••..•••••.•••••.••••. 
ha wan gunk Mt., Orange County ...••.••....•••..•...•••••••••• •. •· • • • 
Near Sand Lake, Rensselaer Co ..•..•••••.•••.••..•••••••••••••••.•• - • • 
In Richmond County ... ••.. .....•. . .••...••..••..••..••••..•• • • • • • • • • • 
Between West Neck and Lloyd's .•••••.•••.••.•••.••••••.••••. •····· 
N eek, Suffolk County. 
fear North Blenheim, Schoharie Co ...••...••..••..••..•••••.••••••••••• 
Ti~::~t:/i-io~tJa"i"ii;;;b~;,·s~· :::::: :::::::: :::: :::::::::::::::::: 
folk County. 
:oton's Po~nt, S1;1ffolk County .• . . . . •....••..•...••.•••••••••••••••.•• 
C
u son'sPomt, Riverhead, Suffolk ....•...•. . .•. ····J·················· 
ounty. 
rast _Hampton. Suffolk Connty ............•..••..• ··I······ ........... . 
At ~1ttle Cow Harbor. Snft'olk Co ...••••..••..••..•. . •••••••••••••••••. 
Ch t Tortl1 Sa!eru, Westchester Co ...•••...••.•••..••..•••••••••••.••••. 
ahppaquca Spring, Chappaqua, West- .... t. ......•........••.......•..... 
c ester ounty. 
Cherry Valley Phosphate Spring, 
Cherry Valley, Ott>ego County. 
Cherry Va1Je_v Springs, Cherry Valley, 2 . • • . Sulphureted .... 
Small and unimportant •. 
Unimportant. 
Not used at present. 
qtsego Count.v. 
Cb1ttenan~o White Sulphur Springs 
Chi!tenango, Madison County. ' 
3 49l ••.• do ........••. Resort. 
Chlorme Springs, Syracuse, Onondaga 
County. 
5 2,000 49 Saline . • • • • . . . . . Used commercially and" as a resort. 
Clift,,m Springs, Clifton Springs, On• 
tar10 County. 
3+ •••••••. 54- Sulphureted.. .. Resort. 
Clinton Spring, Cliff street New York ....•...... . ...•...•..•....••....... 
New York Uonntv. ' ' 
Coh!mbia White Sulphur Springs, 4 4 55 Saline, sulphn• 
miles north of Hudson, Columbia Co. reted. 




Dansville Springs, Dansville, Livings- 4 1,000 Alkaline, calcic. Sanitarium and resort. 
ton Co,mt\·. . 
Darien Mineral Spring, Darien Centre 407 Acid ..••••.••.•• Used commercially. 
Genesee Count\. · ' 
Darrow Spring, s'outh of Baldwinsville · 1 ........... . 
Onond:i/l:a County. ' 
Calcic, sulphur.. Has a local reputation. 
50 Sulphureted, sa• Used commercially and Deep Hock Springs, Oswego, Oswego 
County. 
Diamond Rock Mineral Well, William. 
son, Wayne County. 
1 30 
line. as a resort. 
44 Sa.lpho•saline . . . Do. 
52 Saline, sulphn• Userl for bathing, 
reted. 
Doxtatter's Mineral Well (Longmuir's 
Well), Rochester, Monroe County. 
Dr_,den Springs, half mile west on 548~ 
Dryden, Tompkins County. 5 · •• • •• · • • · · • • · ~ts Cbalybeate and I · sa.lphureted, Resort. saline. 
Elkhorn Springs, north of Manlius 3 50 
Village, Onondaga County. 
Saline, sulphu• Local resort. 
s:J::3/· ......... Used commercially and Excelsior Spring, Syracuse, Onondaga 
County. 
Fairport .Mineral Springs, Fairport, 
Monroe County. 
Florida Springs, Florida Township, 
Montgomery County. 




48 as a resort. 
Sulphureted, &c.l Has a local reputation. 




Grove Springs, near Hammondsport ..••.. . .............••...•...•...... 
Steuben Countv. ' 
Halleck's Spring; near Westmoreland 
Oneida County. ' 
Harrowgate Sprinn-s, Rensselaer 
9011nt:v, _3 ~iles from Albany. Kccfi:!1t prmg-11, near Marion, Wayne 
· L pa~oo T~rrmal ,pring, Lebanon 
prin 11, Colnmbia County. 
1 S l' Was improved and nsNf · · · · · • · · · · · · a rue · · · · · · · · · · as a re ort about l 
...... 1 ........ 
1
1 .. .. Solpbnreted ... . 
3 • • • . • • • • 40 I Saline 1 ••••••... 
1 30, 000 75 Chalybeate .... -j 
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Lockport Mineral Spring, 1¼ miles .......•...•...... Saline .......... Unimproved, but used' 
north of Lockport, Niagara County. by residents of Lock-
• port. 
:Madrid Springs, Madrid Springs, . . . . . . . . . • . . • • . . . . . . . . . • . • • • . . . . • • • • . Unimproved at present. 
Saint Lawrence County. 
:Massena or Saint Regis Springs, Mas-
sena, Saint Lawrence County. 
Yessena Snlphur Springs, 3 mile~ east 
of Syracuse, Onondaga County. 
Mineral Springs, 1; miles northwest of 
Cayuga, Cayuga County. 
Mineral Springs, Mineral Springs, 
Schoharie County. 
Mineral springs: 










120 44 .••••••••••••••••. 
............ Sulp h ureted, 
chalybeate, car-
bonated. 
Used commercially and 
as a res·ort. 
Has local reputation 
and is sold. 
Unimproved at present; 
was once a resort. 
At Montezuma, Cayuga County... . . . . . . . . . . . . . . . . . . Saline.......... . Unimportant. 
Near Crown Point, Essex County .................••..... do ..••....... 
Northwestern part of Columbia ........•................ , ......... . 
Township, Herkimer County . . 
Two miles northeast of Pittsford, . . . . . . . . . . . . . . . . . . Saline, sulphu- Sold to some extent. 
Monroe County. reted. 
North of Elbridge, Onondaga Co... 1 ....... . ... . Saline1 ......... Unimproved. 
At Quaker Springs, Saratoga Co ..... ..............•. Sulphureted.... Do. 
lfonroe Springs, 5 miles from Roches• . . . . . . . • . • . . . . . . . . ... do ..•••••.... 
ter, Monroe County. 
Nanticoke Salphur Springs, near ................•................... 
Lamb's Corners, Broome County. 




-Oak Orchard Acid Springs, Alabama, ............ Acicl and cha- Used commercially. 
Genesee County. lybeate'. 
Pitcher Springs, Pitcher Springs, Che• .............. _... Sufphureted ... . 
nango County. 
Pittsford Sulphur Springs, Olcott's ...........••......... do ........... Once a resort. 
farm, northwest part of Pit,tsford 
Township, Monroe County. 
Reid's Mineral Spring, South Argyle, 
Washington County. 
Richfield Springs, Richfield Springs, 
Otsego County. 
8 
3 ·••····· 47 
Riga Mineral Springs, Riga, Monroe ...•.............. 
County. 
Sauquoit Sulphur Spring, near Sau- 4 
Carbonated, sa. 
line. 





Saline ......... . 
quoit, Oneida County. 
Saratoga Springs, Saratoga County . . . . . • • . . . . . . . . . . . . . . . _ ........•....••• 
Champion Spring.................. 1 2,500 49 Salinecarbonated 
g;ft{si~!:~~:S::::::::::::::::: .... : :::ii~::_;;_::::~~-::::::::::: 
Ellis Spring . . . . . . . . . . . . . • • . . . • • . . . 1 . . . . . . . . . . . . . ..... . ... .. ..... . 
Empire Spring ......................•........•...... Saline carbonated 
Eureka Spring . .......••..•.....••....•...••.•...... . •,••· ... .. .. ... ... . 
Excelsior Spring .... .. ... . .. . .•.•. 1 33 45 Saline carbonated 
Flat Rock Spring .............•••••.......•.. ... . .....• •. do .........•. 
Geyser Springs.................... 3 900+ 46 .••. do .... ...... . 
Hamilton Spring . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . 49½ ....... .. .... .. . . . 
Ha.thorn Sprmg ...............••••............•..... Saline carbonated 
High Rock and Apollis Springs . . . 2 1,000 ... . .••. do ........••• 
il~~t~i~f t\::::: :::::: ::::): :::: ::::::: >::::: 
Old Red Spring..... ....... . ....... 1 60 .... Saline carbonated 


















Not used commerciaiy 
at present. 
Putnam Springs................... 2 24 40 .... do . . . . . . . . . . . Used commercially . 
Saratoga A (or alum) Spring ..•......... . .......... .... . ... ..... .. ..... 
Saratoga Seltzer Spring...... . . . . . . 1 . . . . . . . . 50 Saline carbon- Not used commercially 
ated. at present. 
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Saratoga spings - Continued. o 
Star ·Spring (formerly Walton or 1 80 50 Saline, carbon- Used commercially. 




: • -- • • • b. • • • .t .. d Do. 
mon ,prmg........ . . .. . .. . . . . .. 1 12 48 a me, car ona e 
Unitetl States Spring ...... ....... ....... ................ ·. - . - • • - • •· • • • • 
Vichy Spring.................. . . . . 1 240 50 .Alkaline, saline, Do. 
carbonated. 
Walton Spring (same as Star) ..... Do. Washington Spring...... . . . . . . .. .. : : : : : : : : : : : : : : . 45 .. c~;bo~at~ii' ~a:. 
line. 
White Sulphur Springs............ 2 2, 400+ 48 .................. Used for bathing. 
Sen~ca Spa or Deer Lick Springs, 4 . • . . • . . • • . . • • . • • • . Sulphureted ... . 
miles east of Buffalo, Erie County. 
Shar~n Springs, Sharon Springs, Sebo-
bane County. 
5 7, 680+ 48 .Alkaline and sa-
line, sulphuret-
ed. 
Shetl's Spa, McDonough Township, ..... .... ... .. 
Chenang-o County. 
Sulphureted .... 
Slatervillc Magnetic Springs :Slater- 27 2, 700 1 47 ..•............... 
ville, Tompkins County. ' , 
Spencer Springs, Spencer, Tioga Co . . . . . . . . . . .•...•......•••.•...•...•.... 
Sulphur springs: . 
..A.t Wendell's Hollow, near Albany, . . . . . . . . . . . . . . .................... ; 
.A. ~bany County. 
t oeymans, Albany County . . . .. . . . . .. . . .. . . . . . . . . ................ . 
..A.t Guilderland, .Albany County . .................................... .. 
Used commercially and 
as a resort. 
Do. 
Four miles west of Rensselaerville, ...•....•...•..••..•••.•.•••••.•••.. 
.Albany County. 
Two miles west of .Auburn, Cayuga . . . . .. . . • .. . • . .. . . .. .. . • .. . • • • • • • .. Unimproved. 
County. 
One and one-half miles north of .A. u-
burn, Cayuga County. 
Two miles north of Union Springs, 2 ...... ; ...................... . 
Cayuga County. 
Near Randolph, Cattaraugus Co ......... : ........................... .. 
Near Van Buren Harbor, Cha11tau- ....... ............................ . 
qua Countv. 
Near J:<'redonia, Chautauqua Co .......... ........ ..................... . 
Near Sheridan, Uhautauqua Co ....................................... . 
Near Laona, Chautauqua County .............. ....................... . 




Near J>Imrsalia, Chenango County. . . . • .. . ....... ................. .... . 
~::~11:~h~~k':°'c~f~~i?~&::: :::::: :::::::: :::: :::::::::::::::::: Do. 
Near Millers, in Claverack Town- . . .. .. . . . . .. .. .... .•••••. •• • . • •••••• Unimportant. 
ship, C?lumbia County. 
At Oakhill, near Catskill, Columbia. . . . .. . . . • . .. • . . . .. .. • • . • • • • • • . .. • • .. Unimproved. 
County. 
At Prebie, Cortland County ...... . .................................. .. 
Three miles from Chehocton, Dela- . . . .. . . .. . .. • . . . .. .. • .. • • ........ .. 
ware Count:y. 
Near Amenia, Dutchess County ............... ................... .... . 
At Grancl I sland, Erie County . ... . .................................. .. 
in Amherst Townshi~, Erie County .••.•..............••..........••... 
larence Township, rie Uounty .................................... .. 
One and one-balfmiles west of Dur- .••.....•..••..••..•••.•••••••.•••.. 
ham, Greene Count.. 
One mile from Catskill, Greene Co . .... .. ........................... .. 
Three-fourths mile west of ..A.thens .................................. .. 
Greene County. ' 
Four miles west of A.thens, Greene ................ .................. .. 
Count;}', 
Near Richfield Springs, Warren 
Township, Herkimer County. f !i~ ~~l~ ir1!:kf~'!:;c~~-::::: :::::: :::::::: :::: :::::: :::::: :::::: 
.AtMnube Township, Herkimer Co .. .................................. . 
i ar:a:~,ll~Ilk~~i~~?u~!1tr:: : ::::: :::::::: :::: :::::::::::::::::: 
A ear 
I 
nrti? bu_r~h, Lewis County . .................................. . 
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0 Stdphur springs-Continued. 
One-half mile south of Spencerport, .......•....•...........••••••••.... 
Monroe ()mnty. 
In Gates Township, Monroe County ............• - ...........•.•...... •. 
In Mendon Township, Monroe Co ..................•...•............... 
At Ogden, Monroe County ................... . -•......• -- •• ---- -- . --- --
In Deep Hollow Valley, northwest- . . . . . . . . . . . . . . . . . . . ••..•••••.•.• - - - . 
ern partofRoche2ter,Monroe Co. 
In ~iagara County, two miles . ........................... - •·· •·· • 
from Tonawanda. 
Near Niagara Falls, Niagara Co ........................•.. -•...... --- . -
Above Lewiston, Niagara County ...•.•••..........•.....•..••••. -•• - --
North part of Pendleton Township, ... _ ...... . .... . .. . ..•.•..••.. - ..... . 
Niagara County. 
In Auirusta, Oneida County .........•............... . ....•.. . ... - - .. - - . 
Near Vernon, Onefda County .........••..... . .....•..... -- . ... •· •··· •· 
Near Paris, Oneida County. . . . . . . . • . . . . . . . . . . . ....•••.•. - - -. - - . -- - -
West of Elbridge, Onondaga Co ........•..........•...............••••. 
South of Manlius Village, Onon- . . . . . . . . . . . . . . . . . . ••..•.... -... -. - . 
daga County. 
InCaruthersm Twp.,OnondagaCo ..•.....•.......•...•.....••....•••.. 
Near Syracuse, Onondaga County ................ .. ....... -.. --- . • . -•• --
Near Spl it Rock, Onondaga County .•.........••..•. . ..••.•. --- .•. -- -- -
Lake Sodom, near Manlius Centre, ................. . ... - . - . - - ... - -. - - . 
Onondaga County. 
In La Fayette Twp., Onondaga Co. ....•. . . .. . •.. . .. . ......•••...... ; . 
.A.t outlet of Canandaigua Lake, ...............•...••••...•...•..•.. 
Ontario CountJ. 
Two ancl one-half miles from New- .••••... . ..............•............ 
burgh, Orange County. 
In New Windsor Twp., Orange Co ..•.... , .........•..............•.... 
In Holle:v, Orleans Comity......... 2 ............................. . 
North end of Troy, Rensselaer Co ........... .. ....•....•............ . . . 
Near Bath, Rensselaer Connty. . . . . . . • . . . ............................. . 
Near Waterloo, Seneca Count,v . . . . ................ . .••.•............. 
Near Campbell, Steuben Comity... 1 ............................. . 
At Jasper, Steuben County........ 10 ....... . .. ~ ........•.......... 
Near Hammondsport, Steuben Co .....•...••..... . .....••...•••...•.... 
Two and onc-halfmiles southwest .•. : .......................••..•••.. 
of Sag Harbor, Suffolk County . 
.At Tior C~ntre, Tio~_,a Coun,ty ......... . ............................. . 
West o Sprrngtown, ulster County .... ; ....................•••••.•.... 
Two miles southeast of Ithaca, ...•...................•.......•.... 
Tompkins County. 
~ :~~ ~:~a;:;,l1tt:a cc~!I:v::::: : : : : : : : : : : : : ~: : : : : : : : : : : : : : : : : : : : : : : 
In Sodus '.rowm,hip, Wayne Co .....•.....••......••.............•••... 
At Clyde, Wayne County.......... 3 .•........................... ·. 
Near Marion, Wayne County . . . . . . 4 ••••.•• . , ••..••••••••••••••••• 
Sulphur well, Peterson's farm, north-
west of Rochester, Monroe County. 
Sulphuric acid bprings: 
North part of Alabama Township, 
Genesee County. 
In Elba Township, Genet1ee Co . . . . ............ . ............••...•••.. 
Near South Byron, Genesee Co .... 
Union Springs, Union Springs, Ca-
yuga County. 
V allonia Springs, Vallonia Springs, 
Broome County. 





Used locally for medic~ 
inal purposes . 









Verona Mineral Springs, near Verona, 
Oneida County. 
Victor Spring, Darien Centre, Genesee 
Cr,unty. 
4 160+ 48 Saline .••..•... . Used to some extent 
commercially and as a 
resort. 
Yate~ Sulphur Springs, 1 mile south of 
Chittf'nango, Madiaon County. 
Yellow Spring, Southampton (Long 
I sland), Suffolk County. 
40 Acid saline ..... Used commercially. 
. . . . . . . . . . . . . . . • . Chalybeate • . . . . Unimportant. 
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Analyses of mineral springs in New York. 
Constituents. 
SpriDg. .Anfiurn. 
Adirondack / .Albany Artesian Wel1. 1' si::~:Svest 
------------l-----
0rains I Grains / Grains Grain, Solids. 
Sodium carbonate . . . . . . . . . . . . . . .• . . . 5.14 40. 00 40. 00 . • • · · · · ·· ·· · · 00 
per gall. • per gall. h I per gall. • I per ga/L d 
~fci~~~~b~~~i:~~.: :::: ::: :::::::: 1~: :: · ··· · · ··· ai oo · · ···· · · ···a2: oo · · ::: : :: :::::::::: 
agnesmm carbonate . . . . . . . • • . . . . . . 16. 62 16. 00 12. 00 , ••• - • • • •· · ·· .. .. 
~thium carbonate................... o. 02 .••••.••••.......••.••.•••.• • • • • • • • • • • · · · · .... .. 
I anganese carbonate................ Trace . ... .. .. . . . . . . . . . ... . .... - .. - • - .- - · · · · ········ .. 
c1'~n. carbonate....................... 5. 04 •8. 00 8. 00 ; · - • • • · ·•· ·j
20
·
00 M~~~~i:i~~p~te ..•..........•..... · 11· 13 • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • . 25: 60 
~odium chlo:idE~~~~. :::: ::::: ::::::: ......... i4." 34 ......... ·5o4." oo .......... 47i° Oo.. 6.00 
f,!,;:1~i!1~1i~id"e°: :: :::::: ::: .:: :: ::: : :: ::T: :r:a:c:e::: ::: : :: ::: : :: : ::: ........•. ~: ~~- ..... .. ····· ·ioo 
. -..... -- .. --- ---. -..... -.. --. . -.. -.......... -..... -. ---- .. - ... -- -... --. -- -- ........ -
.S1hca . . . . . . . . . . . . . . . . . . . . • . . . o. 74 .••••.........•..••••••••••.••••.•••.. • • •· • · · · .. 
Total .............•..•......... 76.89 600. 00 568. 00 153. 60 
Gaaes. 1====1======1=====/==== 
S 1 h Oubic inches. Oubic inches. Ottbic inches. Cubic inchea. Cu t u"!'eted. hydrogen ........................... __ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12. 00 
ar on1c acid........................ 67. 27 184. oo ..................•. • • • •·· ·· .... 
Tota-I ......................... . 
Constituents. 
67. 27 184. 00 208. 00 
A vou Sulphur Springs. 
Upper Spring.' Lower Spring. / New Bath Spring. 
12.00 
/ Congress Hall 
/ Spring. 
Solids. Grains Grains Grains Grains 
per gall., per gall. d per gall.• per gall.h 
Calcium carbonate................... 8. 00 29. 33 26. 96 9. 25 
Sodium sulphate..................... 16. oo 13. 73 38. 72 21. 02 
Calcium sulphate . . . . . . . . . . . . . . . . . . . . 84. 00 57. 44 3. 52 ;J: gJ 
Magn<'sium sulphate ... . . . ....... .. . 10. 00 4-9. 61 8. 08 
29
_ 11 
!~~~~~[LD!i/iii/!JUi( !H;;;)]J;; ;;;;;}f ~\ tnJJ;- r::::::::~:~ 
Total ......................... . 
Gaaes. 
Total .. .... .. ..... . ........... . 
• C. Collier, analyst. 
b Wm. Meade, analyst (1827). 
• L. C. Beck, analyAt (1842). 
d .r. R. Cbilton;analvst. 








. 5. 42 
19. 92 
82. 96 
c Same as Middle Spring of Beck's report 
«J. Hadley, analyst. 
h H. M. Baker, analyst (1874). 
i Contains iodine and bromine. 
60) 
205. 61 
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Grains Grains Grains Grains Grains 
Solids. per gallon.a per gallon.b per gallon.• per gai~i; .. ~~~. ~~:~~1~:• . . 
Sodium carbonate........ 12. 66 ..... ........ . 
~~f~tu~ bJ~:b~i~::~:::::: ........ 4i° 4i .. ....•. ·2· 13.8~· .. 91· 36 ... ...... ·2·0~4.2·.· 3~03 . ......... r2il: 20 .. 
Calcium bicarbonate . -·.. . .. .. . . . . . . . . . . . .•....... . .. .. 
34. 40 
173. 48 
N:i~::i:: bi~~i~t~!ie:: ········ail: io · ···· · · · iso: iio · · · ··· ·· · i11: s1 · · ....... .. ~-. '.~ .. · ··· ·· · ·· i5f tg 
Strontium bicarbonate ................ -.. . . .. . . 0. 87 Trace · - - · · · · · · · - · · -
15
_ 
51 Lithium bicarbonate..... .. .. .. . .. . . . .. . 7. 75 6. 78 • .... - • .. -• • - • • 
fr~~ bi~~~~t~:t~·: : : : : : : : : ......... ~--~~. . · · · · · · · · · j .- 5s · · · · • · · · · · · i: iii· · : : : : : : : : : : : : : : : · · · · · · · · · · · 2.-30 
Barium bicarbonate .................... ~ 3. 88 1. 23 ... - ..... -. . . .. 4. 7 4 
Sodium sulphate.. ....... . ... . . . .. . • . .. . . .. • .. . . . . . . . . . . .. • .. . . . . . . . . . 1. 76 • .. - ... - - •. • • • • 
Potassium sulphate...... . .. . . . . . . . . .. . . 0. 52 0. 76 . -... - . - .. ..... • .. -- - • -- • • • • • • 
~if~:cit~8la~:~.::::::: ::::::::::::::: Ti~~: T~~~! ::::::::::::::: ~~:~: 
Sodium chloride.... ...... 143. 73 750. 03 659. 34 424. 96 645. 48 
Pa.tassium chloride....... ....... ..... . .. 33. 28 33. 93 ......... . ... .. 9. 23 
Sodium bromide.......... . .. .. . . . . . . .. . . 3 .. 64 4. 67 . .. .. . . . . . . . . . . 2. 37 
Calciuru fluoride......... ....... .. . . . .. . Trace Trace .. .. .. . .. . . . .. . Trace 
Sodium iodide............ 1. 30 0. 12 0. 24 .. .. . .. .. . . . . . . 0. 22 
Alumina................. ............. .. 0. 08 · 0. 26 .. .. .. . . .. . .. . . 0. 40 
O
Silica_. .... t.t.............. 1.00 T0.76 T0.74 8.00 Trl~c0
6
3 
rgan1c ma er........... . .. . .. . . . . . . . . . race race .............. . 
Total. ............. . 247.15 1,233.25 1,184.37 
Gases. 


















Solids. Grains Grains Grains Grains Grains 
. per gallon.0 per gallon.0 per gallon. 0 per gallon.g per gaUon.h 
Calmum carbonate ............. ...... ........... .. ................... , 9. 68 21. 79 
Magnesium carbonate.... .. . . • • . . . . . . . . . .. . .. . . . . . . . . . . . .. .. . . . . . . . . . . 13.12 ........... . .. . 
Magnesium bicarbonate.. 22. 02 23. 97 ........................................... .. 
Iron carbonate ...... .. . ............ . .............. . __ . 20. 78 • ............................ .. 
Iron bicarbonate . . . . . . .. . O. 08 · o. 16 O. 32 .......... . .................. . 
Sodium hyposulphite . ............... _.. o. 26 0. 02 . .. • .. . . . . . . .. . 8. 15 
So<lium sulphate . . . .. .. . 0. 21 . .. • • . . . . . . . . .. .. • • • • .. . . . . .. . 7. 76 ....... .... . .. . 
Calcium sulphate . . . . . . . . 81. 42 106. 12 115. 09 69. 20 64. 94 
Strontium sulphate... ... Trac!) Trace Trace .......... ... .............. .. 
Maf91esium sulphate ..... 1. 95 7. 59 12. 72 16. 48 ............. .. 
Sochum phosphate_ .............. _ ............. . . . .. _.. ........ ... . . . ......... .. . . . . 2.14 
Sodium chlorido ... . . . . . . . 1. 04 1. 57 1. 83 9. 28 84. 72 
Calcium chloride . . . .. .... .. .. •• . . .. . _ .....•.. _........ . . .. . . . . . . . . . . . 4. 08 .............. . 
Potassium chloride. ..... . 0. 16 0. 23 0. 33 . ......... . .. .. 1.19 
Magnesium chloride .. ............................ _. .. . . .. • • • • . 4. 08 31. 43 
Lithium chloride..... .... Trace Trace Trace . ..... .. ....... . ..... . ...... .. 
Iron sesquichloride . . . . . . ... • .• . . . . . . . . . .... • • . . . . . . . . . ... •• . . . . . . . . . . .. . .. .. . . . . • . . 3. 42 
Sodium sulfihide. .. . .. .. . 0.12 O. 39 o. 75 .... ....... . ... .. ..... .. .... .. 
Calcium su phide . .. . . . .. .. • • • • . • • . . . . . . 1. 12 0. 93 ............................. . 
Alumina . .. . . . . . . . .. . . . . . O. 08 O. 22 Trac<l .............. ...... ......... . 
Silic;i, . . - . . .. .. . . .. . . . .. o. 28 o. 52 o. 58 . .... .. ...... ..... ............ . 
Sulphur . . . . . . . . . . .. . . . .. . Trace ........................................................... . 
Loss.......... ... . ... ..... ............. . . . ..... ..... .. ... ..... ... ... ......... ......... 0.82 
Organic matter. . . . . . . . . . . . .. . . .. . . . . . . . . • .. . .. . . . . . . . . . . . . . . .. . . .. • .. Trace ........ .. .... . 
Total ..... ......... . 
Gases. 
Sulphureted hydrogen .. . 













•.John H. Steele, analyst (1830). 
bC. F. Chandler, analyst (1868). 
c C. I<'. Chandler, analyst. 
d L. C. Beck, analyst. 
• C. F. Chandler, ant1lyst (1569). 
r With iron oxide. 
Bull. 32--3 (161) 
133. 68 1 218. 60 
Oubic inches. I Oubic inches. 
Present 4. 491 
Present .............. . 
g.J_ R. Chilton, analyst (1852). 
h Atwood, apalyst. 
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Analyses of rnineral springs in New York-Continued. 
Cherry Valley Springs. 
Constituents. Barton Sul~ / s · I phur Springs. Bath-:aou&e nortE~T.ffath- Pgo:f'nhate 







Yates Sul- or Long- Verona Min-
phur Springs. m.uir's Well, era! Springs. 
Rochester. 
Grains Grains Grains Grains per 
• Solids. per gallon d per gallon.• per gallon.• imp. gall.£ 
M
Caalcium_ carb~nate ...................•....... _ .... . . _ . _ . : . _ 7. 04 gll. 84 38. 47 
gnes1um bicarbonate..................... 17. 27 .................... ..... -·· ...... ..... ··· 
Manrnese bicarbonate...................... o. 01 ................................. ··· -· · · · · 
















- • · .... .. 
Sodium sul!ibate............................. 0. 04 · ..... · · 63_ i!i Calcium su pbate .. . .. • . . . . . . . . . .. . . . . . . . . . . . 41. 13 ~ 102_ 00 f ... ---• -----· · Magnesium sulphate........................ o. 47 5 i -···· ------·· 
Potassium sulphate .... ...... .. . ........ ... . . o. 46 .......... .... .............. . -· - - · · · · · · · · · 
Strontium sulphate . .. . . • . . . . . . . . . • . . . . . . . . . . Trace ............................ ---• · · · · · · · · · · 
Lithium sulphate........................ .. . o. 02 .............................. • - -• · .. · · · · · 
, ~i~if [€.~~~~;!~'.~i:i==:: :: ::::;; +: ~!~ ::::ii::) i =: )ii::: ()ii· ::::i;:;\; 
Sodium chloride . ... . ............. .... ... . . . . 0. 68 1.12 .•..•... .. . . 562-61 Calcium chloride ........................................ _. _ .......... . _.. 52. 16 . 82. 06 Potassium chloride ... ... .. .......... . ............. . .... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4· 11 
~~if fltI!!!!)!i!!!/!!ifiiW ::::•::1i:: :?U,Ji IIUEi::::::.J; 
Total.................................. 61. 32 123. 44 / 119. 92 1 ___ 7_8~ 
S Gases. O'ubic i;;,ches. Oubic inches. / Oubic inches. I Oubic inches. 
C ulthu~ete4 hydrogen ............ _ ............... ___ . ___ . . __ .. ___ ... _ _ _ 17. 28 .•••.•.• - -• -• • 
ar omc acid .•........•......... _ ... _. ___ .. _ ..... . __ . __ .. _ _ ...... ___ ... · / Trace . --- -- - -· · · · · · 
• F. F. Thomas, analyst. 
b J. R. Cbiltoni analyst. 
0 Perkins, ana yst. 
d C. F. Chandler, analyst (1876). 
(162) 
• L. C. Beck, analyst (1842). 
r Peter Collier, analy t (1870). . . 
, With magnesium carbonate and iron onde. 
r&ALE,) NEW YORK. 












Parts Grains Grains Grains 
in 100." per gallon.b per ga~~.1~ per gallon.d 
~:f~bi~%~~~tt:::::::::::::::::::;: :::: :: : : ::: : :: : ....... ,.i1:i9 .. ······ · · · · · ··· · :::::: :: ~:: :: :: 
Calcium bicarbonate ............•... •.•.• • •· .. • • • • -• • • • • • · · • • · · · • · · · · · · 8. 82 · • • • • • · · • · · · • • · 
1,fa!?Ilesiu.--n bicarbonate .........•....•........ -.. • • ... • -• • • • • • • • • • • • · · 6. 97 · • • • · · · · · · · · • • · 
Sodium hyposulpha.te ............. · · · · · - · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · O. 7l · • · · ••.... 40_- OO li~:r~~;~;;i;~~:::::::::::::: :::::::: ::::::::::: :::: ::::::: ~i~: ii:: ······ · ··ur- ···· ·· · · -624:00 
104. 00 i~I~ 0(\\I\\\\\\\\\\\\\r I?/ ;iii: ;;;;;;:'.it~;; :::: :: '. \ i~'. · i;;; i:: ii t! 
Iron oxide . . . . .. . . . . .. . . . . . . . . .. • . . . . . . . . . . 001 .•.••.. T;ac~. . : : :·: : : : : : : : : : : : : : : : : : : : : : : : : : : 
.Alumina. ---· ...... ...•.. ............ ........ Trace • .. ........... - .. . Trace . --- .......... . . --· 
Silica .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . Trace · · · 71. 70 O. 79 . • ••.•. - • • - • • • • 
Soda . .................................. '.. . 001 ......•••....• . .••••. ··••·· ·•· ·•·•·· · • ·•··••· 
Chlorine. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . 008 . . . • • . . . • . . . • • . • ••• • • · · · • · - • · · · • • · · · • • · · · • • · 
Iodine and phosphoric acid ........ ·...... Trace ................•. • • • • -• • • • • • · • • • • • • · • · · · · · · · 
CSularbhonic acidd(combined) ...... ......... , 012 -... · • · T;ace · · :::::: :: :: :: : :: :.::::: :: : :: :: : : 
p uric aci . . . . . . . . . . . . . . . . . . . . . . . . . . . . 001 
Loss.·"· ·................................ . .. . . . . . . . . . . . . 1. 78 .••.•...••..••..•••...... •. • • • 
Total. . ..................... -..... . 0. 029 559.18 48.89 800. 00 
i=====l======+=====I:==== 
Gases. Cubic inches. Cubic inches. Cubic inches. Cubic inches. 









Sulphureted hydrogen . • • . • . . . . • . . . . .. . . . Trace . . . . . . . . . . . . . . . .. • • • • • • • --• • · 
Carbonic acid............................ Trace Undetermined 8'.!.169 Trace 







Grains Grains Grains Grains Grains 
per gallon.• per gallon.' per gallon.g per gallon.g per gallon.h 
Sodium carbonate........ 2. 41 ........................................................... . 
Calcium carbonate....... 4. 04 104.10 22. 88 15. 24 9. 27 
Iron carbonate. ......... . . . . . . . . . . . . . . . . 1. 05 . • • • • • . . . • • . • ...•.• . .....••..••••...••..... 
Calcium sulphate. ........ . . . . . . . . . . . . . . . 184. 41 88. 68 86. 45 5, 72 
Potassium sulphate ..•. ~. 1. 04 . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ............................ . 
Magnesium sulphate. .... 1. 06 208. 58 ....•.............•....••........... .. ....... 
Sodium chloride.... . . . . . . 0. 96 6. 82 646. 42 584.· 58 111. 42 
~i:~~~i~~~~~-0.::::::::: i:&~ ::::::::::::::: ·····P;e~ent·· ::::::::::::::: .......... ~~~; -
.Alumina... ............... 0. 45 Trace . . . • . . . . . . . . • . . l 1 02 Silie2, . . . . . .• . . . . . . . . . • . • . . 8. 25 000. 12 0. 29 5 · 0. 90 
t:;:~~i:in!t~!~b"c;~ai~: ::: ........ ~~·.~~ .. ::::::: ::: : : ::: :::::::: :: : : : :: ::::::::: ::: : : : T1~~! 
Sodium sul~hate . ... ... .....•. 1•• •• •• • ••• •••••••• ••••••• 26. 28 18.16 ••••••.... . .. . . 
Calcium ch oride . ...•.................•....••........•..••••........ ,. .............•. 45.08 
Potassium chloride....... . . . • • . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . • . 8. 52 
¥8.gnesium chloride...... ............... .•.•••.. .... . .. 17. 86 17. 69 11. 04 
f!~§J:t;;\iii ::::::): :: ::::::::::): :::::iL/ ::::•;;;:ill: :::::::::::f ii 
Total. .•.•.•.... . ... 
• J. Fowler, analyst (1880), 
~ S. H. Douglas, anal:vst (1871). 
• C. F. Chandler, analyst (1870). 
24. 88 500. 08 751. 86 
d J. Noyes, analyst. 
• H. Dussance, analyst. 
'S. A. Lattimore, analyst (1878). 
(163) 
668. 24 194.14 
s Charles A. Goessman, ana• 
lyst (1868). 
h J. Hadley, analyst (1861). 
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per gallon.• Solids. Grains Grains 
Sodium bicarbonat ... . pergallon.a pergallon.• 
~~~~::!cb~~~~bitt~:: : : : : : : : : ~iii:: : : : : : : : : ii.: ~i:: 
Calcmm sulphate . . . . . . . . 85. 40 76. 00 
Magnesium sulphate. .. .. 34. 00 22. 70 
Sorlmmchloride .......... ~ 2 0 s 
GTains Grains 
per gallon. b per gallon. c 
· 0.49 0.54 
12. 93 9. 70 
9~:: 9t;8 I 
18. 96 19. 68 









cium chloride ...................................... . 
0. 73 o. 44 .5 
o. 07 0.16 · ······· ··-- ··· 
89 o. 63 5 ,- · · · · · ........ . a cium sulphide ........ i 
MagneAium sulphide . . . . . 5 3. 00 O. 50 
Silica ................................................ . 
o. l ········• .... .. 
0.45 o. 40 ·••• •········ ·· 
l------l------l•------1·-----





Oubi,c inches. Oubic inehes. 
6. 00 , ............. .. 
2. 22 ·········· •"" 
3.00 ·········· ·"" . 
Sharon Springs. 
Gardner I Whit.a Chalybeate Magnesia Red S~phur Sulphur 
Spring. Spring. Sprmg. Spring, 
Constituents. 
Solids. Grains Grains Grains Grains 
. per gallon. d per gallon.• per gallo0.n3.4• _ ~~-~~!~~:
1 
•. 
~~1~f:1m0!!~b~:!te·: .· .· .· .· .· .· .· · · · · · · · · · · · · · · · · · · · · · -· · · · · -· · 0• 34 M . • • • • • • • • • · • • • • · . • • • • • • . • • . . • • . 6. 73 8. 97 .•••••..... . ·· · 
S agnesmm carbonate . . . . . . • . • . . . . . . . . . . 8. 96 0. 80 0. 41 ..•...... . • •· ·· 
od1~m sulphate......................... 3. 74 • • • • . ••.. - - • • • • • • • · · · · · · · .. 
Calcm:rp. sulphate...... . . . . •• • • • . . . . . . . . . 63. 80 · ·······!ii 50 · · · · · 96. 64 55. 84 








. • · ·•••••····2·i. 2o 
I agnesmm sulp ate ...• ~. . • • • • • . . . • . . . . . 8. 15 19. 68 t~i"! protul-~hate. . . • . . . . . • • • • • . . . . . . . • . 1. 40 .•....... i." 23.. . ........ o." 33. . . ......... i." ii 
M
C~l~i~~cciJ'~id~::::::: :: ::::::::::::: ::: :::::: :::::: ::: o 6 0 06 
agnesinmchloride. .................... ............... o:l3 o:73 · 1.20 
Sodium sulphide ................•..................................................... J ,1.12 
tte:;:::t~~:::::::·~::·:i)·:: ::: ::: : ::: :~:i;: • L ______ :: ; ___________ ;: ;_r, ::)• • ::;:: :: 
Total ............................. . 
:Lawrence Reid, analyst (1845). 
J. G. Pohle, analyst. 
0 J. G. Pohle, analyst (1865). 
• Maische, analyst (1861). 
114. 53 
(164) 
129. 52 127. 78 
•Lawrence Reid, analyst. 
'J. R. Chilton, analyst. 
• With extractive matter. 
80.48 
I 
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Analyses of mineral springs in New Y01·k-Continued, 
Oak Orchard Acid Springs. 
Constituents, 
Spring No. 1. 
Spring 
No.2. 
Oak Orchard Acid Water. 
Grains Grains Grains Grains Parts in 
per gallon.• per gallon.b per gallon.• per gallon,d 1,000.e 
Sodiums1h:~··········· - 7~·~t ..... 39.60 ....... ii°4i. . lgg tii 














· · · · · · · · · · · · · · · 6· 41 o. 37 A..lwninium sulphate.... . . . . . . . . . . . . . . . . . . • 
Magnesium sulphate . . . . . . . 35. 60 8. 28 4. 98 8. 49 8: i~ 
Solids. Partsin 1,000.r 
0. 09 
1.12 
0. 08 . 
0.32 
o. 53 
0.42 Iron sulphate ............................ - . - . · ·. · · · · 39. 23 · · · · · ai° 22 · · Iron protosulphate.......... 28. 62 14. 32 -• · · · · · · · · · · l. 43 : : : : : : : : : : : : · • · • • • · · o: 04 
!fill;:ttt-_:.:.~:_:_::::::: .... J.;~·-·::::::~-:~~:: ::::::~-:~~:: ...... ~~~~.. :£!d: ::::::::~t 
Organic matter . -. . . . . . . . . . . . . . . . . . . . . . . 3. 28 1210. 0886 mi· ~~ 2 01 2. 01 
Sulphuric acid.. .... . . . . . . . . 134. 73 82. 96 9. • · 




Regis Sulphur Name of White 
Springs. Springs. spring Sul~hur Sulphur 






Solids. Grains Grains Grains Grains Grains Grair_is Grains 
per gall.g per gall.h per gall.i per gall.i per gall.k per gaZl.i per gall; 
Calcium carbonate.... ....... . . • . . . . . . . 14. 80 6. 96 ......... . ............. . ...... • • • • • • • • • 
Calcium bicarbonate........ . 4. 85 . . . . . . . . . . . • . • • . . . . . 24. 47 11. 71 16. h 
Magnesium carbonate . . . . . . . . . . . . . . . . . . . . . . • • . . • 11. 84 .............................. . - - • - • • • - - -
Ma,,"Ilesium bicarbonate . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . 6. 01 31. 74 . 12. 52 3. 97 
Iron bicarbonate. . . . . . . . . . • . O. 49 . . . . . • . . • . . . . . • . . . . . 0. 24 Trace 4. 92 0.13 
Sodium hyposulphate.... .... 4. 21 .............•.•.....•...................•••.•. .. ..••. ....... 
Sodium sulphate .. ........... 0. 50 . .. ... . . . . ....•• . . .. 22. 29 ... . .. . . .. 0. 30 12. 79 
Sodium hydrosulphate .... ." .....•.•........ :.. . . . . . . • . . . . . . . • .. . . . . . . 0. 38 . .. ........••••. ... .. 
Ca.J.cium sulphate ............ 60. 03 68. 40 20. 00 67. 39 112. 84 5. 00 38. 63 
§frt;:it~ :~tE::;::::::: :::: ::::::: ::: :::: :::::: :::::: :::: : :::::·. ::: ~: ir .......... -.. -...... . 
Ma,roesium sulphate....... .. . . . • . • . . . . 10. 88 80. 00 32. 82 5.15 ................ is: si 
!iflri~:~r:Jif::::~~:::: ::::~:~~:: :::::::::: :::::::::: ::~~:::::: --:::~:-• :::::::::: :::::::~=== 
Sodium chloride.... ... . . . • . . 76. 79 11. 49 21. 73 O. 52 O. 43 10. 20 
Calcium chloride . . • . . . . . . . .. . . . . . . . . . 10. 64 .•••.•.••.. . •.... . ..........•..••...•....•••••••••• 
~¥~:~i!~1f}~~~::::_:_:::: ... ~~:;~ .. :::::::::: :::::::::: :::t:~~:: ::::i:~~:: :::::::::: ::::::t~~ 
Magnesium bromide . . . . . . . . . 0. 67 .......... · . . . . . . . . • . . ...................................•.••• 
Sodium sulphide. . . . ......... 1. 40 . . . . • . . . .. . . • . . • . . .. . . . . . . . . . . 1. 72 .................... . 
Sod ium and calcium sulphides ...... , . ! . . . . . . . . . . . . . . . . . . . . . 6. 22 . . . .. . . . . . . . . . . . . • • . o. 06 
f.alc~um sulphide ....... : • . . . . . . . . . . • • . . . . . . . . . .. . . .. . . . . . . . . . . . . . . • . 0. 09 ........ ....••••. . ... 
•"·1tlc1um and magnesium . . . . . • . . . . . . . . •••• •• 2. 00 .... . ..••...•....•••.. _ •..•••....•..•••••• 
sul;,hides. 
Alumina .................................. .. : ... ....... . . . 0.10 Trace .. .................. . 
Silica . . .... ........ . •. • . • . . .. . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . 1. 35 O. 61 o. 81 1. 17 
Organic matter . . . . . • • . . . . . . . m11. 18 . . • • . • . . . . 11153. 50 .. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. .•.• 
Total . . • • . • . • • • • • .. . . . . 191. 88 104. 72 225. 79 190. 85 154. 28 35. 69 106. 38 
---------------====I==== 
Gases. 
Oub. in. Oub. in. Oub. in. Oub. in. Oub. in. Oub. in. 
Sulphureted hydrogen...... . 5. 3CJ7 . . . • • • . . . . 24. 24 3. 6288 
Carbonic acid.... ............ ..••.• ... . ...••. .... .....•..•. 2. 9412 
14. 206 ... ... ... . 
.......... 15. 9236 
•Silliman & Norton , analysts. 
b J. R. Chilton, analyst. 
• E. Emmons, analyst. 
d Porter, analyst. 
eH. Erni, analyst(1850). 
rw. J. Craw, analyst (1850). 
cFord F. Mayer, analyst. 
(165) 
~ L. C. Beck, analyst. 
1 Lawrence R eid, analyst. 
J Theo. Deecke, analyst. 
1tC.F. Chandler, analyst. 
1 With magnesium chloride. 
m With silicate of soda. 
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Solids. Grains Grains Grains Grains Graim 
S d' per gallon.• per gallon.b per gallon.• per gallon.d per gall/JTI.• 
. s~di; ir::i::~:ta· ::: :: : · · ·· · · -· i1:62 · · ···· ·· -· i5:4o · · · ·· · · · · ·io. oo · · ·· · · · · · · · s: 9s · · .... ------~~~ 
gaf cmm carbonate . . . . . . . . . . . . . . . . . . . . . . 68. 00 . . . • . . . . . . . . . . . 98. 10 144.00 








- - · 1 · · · · · · · · · .32 .._·0·,. 
Magn~sium bicarbonate.. 193. 91 46. 71 75.16 ' 
Strontium bicarbonate . _ . O. 08 . ___ .... _ .. __ .. _ . Trace .... - .. - - - - • - - - - · · - - - · - - - ... · · .... 
Lithium bicarbonate . . . . . 6. 25 . . . . . . . . . . . . . . . 4. 33 · • • • · • · · · · · ···· 
Iron carbonate............................................. 5.58 ............. 5_·07·· ----------· "·• 
Iron bicarbonate . .. . . . . • . O. 65 . . . . . . . . . . . • . . . · • • • • • · · · 2.' 04 .... -... -. -----· · · · · · · · · · · · · .... 
Bariu°:1 bi.carbonate . • . . . . 2. OS . • • • • • . . • • . • • • . 0. 73 
Potassmm sulphate . . . • . . o. 25 . . • • • . . . • . .. . . . 2. 1f3 
Sodium phosphate . . . . . .. o. 01 . . . . . . . . . . .. . . . Trace 
Sod!um biborate ... --···--· Trace .... .•. . . . . . ... Trace 
Sod mm chloride.......... 702. 24 267. 00 328. 47 
. -- . --. -----.. - ... -- .. --.. -.. 
........................... -----· ·--····· 
....... 385.' 00 . - ...... -.. 434.'40 
Potass!um chloride...... . 40. 45 ...•...... .. . . . 8. 33 
PSoditass1um bromide........................... Trace ....................... - .. ·------T;~ce·- ···---- --- .. -- .. 
o ·um bromide......... 3.58 ..•••..•••...•. 0.41 .......... . .... ··········· ·- · 
Calcium fluoride . . • . . . . . . Trace . . . . . . . . . . . . . . . Trace 1_1diu~ iodide . . • . . • . . . . . . O. 23 2. 56 o. 06 snfc~~~-: :::::: :::: :: : : : : g: ~g ........ ·2 °05.. g: :i 
Orgamc matter........... Trac,3 ......... .'. . . . . Trace 
.. --.. --.. -- .... -. -.. - ..... 
3. 50 
1. 50 
................ .... ... ...... ..... ..... ... ...... 
Saratoga Springs. 
Constituents. 
Congress Spring. Empire Spring. 
Solids. Grains Grains Grains 
per gallon.• per gallon.g per gallon.h 
Sodium carbonate . . . . . . . . . . . . . . . . . . . . . . . o. 56 7. 20 
Sodium bicarbonate...... 10. 77 .. .• .... ........•.. .... ..... .. 
Calcium carbonate....... ...•.•. .. .. . 116. 00 86.14 ··•··· -i09_- 66 .. ······ .. 'i4i.'82 Calcium bicarbonate . . . .. 143. 40 . . • . . • . . . .. . . . . . . . . • . . . . . . ... 
Magnesium carbonate .. ~. . . . . . . 56. 80 78. 62 ..... - - .. - - · · - · · · · · · -- · · · o 
Magnesium bicarbonate.. 121. 76 ..•... _ ... _ .......... _..... ... 42. 96 41. 9c 
Strontium bicarbonate . . . Trace ...... _ ... _ . . . . . ....... , . . . . . . Trace .... - - - • - · • · · · · 
Lithium bicarbonate . . . . . 4. 76 ....•. _ ........ _.......... .. . 2. 08 .. . - - • • • · · · · · · · 
Grains Grains 
per gallon.• per gallon.; 
-· · · · · · · · o: 02 · · · · · · · · · · · · so: ss 
j 
fr~~ bf~!1?;:::te·:::::::: : ······ --·o:s4·· :::::: :: :::: ::: ....... _ -~--~~-- ······ ·· ·0:10· - · ····· · · · i~~ 
Bari um bicarbonate _ ........ _ o. 93 ... _ ... __ ................. _.. . .. .. . .. .. . . . .. O. 07 ..... - - .. - .. - - · · · - .. 
Sodium sulphate . . . . . . . . . . ....... : .. . . . . . . . . . . . . . . . . . . O. 65 ..•....... -- - - - -- • · · · · - · · -- · · · 
Potassiumsulphate...... 0.89 ........................ ,.. ....... ....... ..... 2.77 ....... -----··· .. ·· 
~~~t~: trbi~!:~_::::::: Ti~~: ::::::::::::::: ::::::::::::::: Ti~~: ------ --------
soclium chloride.... . ..... 400. 44 385. 44 363. 83 506. 63 · · · · · · · · · 269.' '71> 
i~~::}~ b~~:rn:.:::::: ...... .. -~-- ~~-- Trac;·· ........ j5.'02· · ······ ---~--29- /:::::::::: ::::: 
Sodium bromide............... 8.56 ................ . ..... ......................... 0.27 .............. ... .. . .. 
Calcium fluoride .•••... .. Trace ....... _... . ... .. .. . . . . . . . Trace ltl2. 00 
~odium.\odide...... ...••. 0.14 4. 02 ........ .. .. .. . Trac~- - ...... __ _ .... .. 
tit:~:ii!:::~:;;;;;; :::::::~t,:: ::::::/t :::::: Ir ··· ~LJ: . ::::: ::: :: 
Total --............. --700.90 563. 46 543. 99 ,--6-0.44 400. ~ 
5.41 j.-...... . .. -'··· ... · .. · · · .. 
28'. 65 3-U. 67 •• • • • • • • • .. • • .. 
~~-- -------_!_-----~---_!.-
: C. F. Chandler, analyst (1871). • J. D. Dana, analyst. 1 E. Emmon 
• {obn Il. trele, analyst (priort.o 1838). r With iron. · J With sodiWD S :· Cllha
8
ncllor, analyst. rDavyand Farada:v, analysts, London. kQr iodiD • 
0 n • teele, annlyst. b J. R. Chilt.on, analyst (18'3). 
Gasu. 
(166) 
PEALE,) NEW YORK. 
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per gallon.• per gallon.b 
Sodium bicarbonate . . . . . . 8. 75 15. 00 
Calcium carbonate .........•......•.... • .. . .. • • .. • • • • • • 
Calcium bicarbonate . . . . . 41. 32 77. 00 . --. • • • • • • •,· • • · 
Marncsium bicarbonate . . 29. 34 32. 33 42. 70 









· 71. 23 
· · · · · · · · iiS: 63 · · · · · · · · · · · i6s: ag 
29. 47 149. 34 
0.01 0.43 
3. 23 9. 00 
i1J:~;b~~!f~~~~~~.::::: :::::: :: :: : : : :: : :: : :: ::: ::: : :: ······ · · · s:a9: · 
3 00 3 22 
......... ex· 09. . . .......... a: 98 
Iron bica1bonate ....... ... . • •··· •· · ·· ···· · · 
Barium bicarbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . O. 10 2. 01 
Sodium sulphate ... ...................•. • 1. 32 · • · · · · · · · · · · · · · · · · · · · · · · 0: 48 .. · · · · · · · · o. 3e ~i~i{jf ~<i ::/::~;/ :;::;::?ti \/::Li :::::::Jj;:: :::::: :::i.~ 
$odiull!- chloride_. ........ . 1: 166. 81 370. 64 148. 87 108. g~ 24: 64 
~
01;~~~1~c~~~~~~:::::: ::::::::::::::: ::::::: :: :::::: :::::::·::::::: 1b: 83 .•••••......... 
Potas8ium bromide. . . . . . . 1. 57 Trace Trace • · · · · · · · · o: 32 · • · · · · • · • · · · · i 2i Sodium 1:Jromide ......................... . .......... • • • • • • · · · · · · · · · · • · · Trace 
~:t=i~:ttI!de .......... ·········4·67 .. ······ · ·r2r· ........ i .. 33 .. ······ ···o:oi· · 0.25 
Al · · · · · · · · · • • · · · · Trace o. 04 Trace 
Silimma · · · · · · · · · · · · · · · · · i· ;~ · · · · · · · · · · · · · · · Trace 1. 34 O. 66 
Org~~ic·~~tt~r::::::::::: ......... .' ..... ::::::::::::::: ..... ......... Trace Trace 
Sodium silicate ....... . .'. . . . . . . . . . . . . . . . 4. 00 ...•.. .. ...... ...•. .. .. .. • • • • • • • • · · · · · · · · · · · · 
Potassium.silicate.. .......................... 7: 00 .. ..... ........................... ....... .... .. .... .... . ........ .. . 
Total ... . .......... . 258. 37 514. 75 279. 65 270. 53 991. 54 
Gases. i======~======l=======l======i====== 
Atmospheric air .. ; . . . . . . . . ....... .. .. , . . . •............. 







Spring. High Rock Springs. 
Solids. Grains Grains G-rains Grains Grains 
per gallon.C per gallon. a per gallon.g per gallon.~ per gallon.C 
~gf;::bi~~i:~J:i; :::::: ········21:o4·· 34· 25 ·· ·······4:29 .. ·· ··· ···a4:S9·· ······· ···i1:54 
Calcium carbonate . . . . . . . 92. 40 97. 99 . . . • . . . . . . . . . . . . • . • . . • . . 69. 29 
Calcium bicarbonate . . . • . . . . . . . . . . . . . . . . 170. 65 iii1. 74 · · .............. . 
::i~::l~: bt~~:;:i!ie":: · · · · · · · · a5: 20 · · ....... . ~~·. ~~ .. · · · · · · · i 1a: 46 · · · · · · · · · · 54." ii2 · · · · · · · · · · · · iii: 59 
Strontium bicar1¥>nata ... . ................ . ......... ~. Trace Trace ...... ... ..... . 
Lithium bicarbonate ............. . ..................... 11.45 ...•...• . . ............. . 
Iron carbona.te . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 62 . .......... .. ........... : . : : : : : 5. 58 
Iron bicarbonate . . . . ... . 5. 39 . .. . . . . . . . . . . . 1.13 1. 48 ...•.•......... 
Barium bicarbonate.. .... . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 1. 74 Trace ...•......•.... 
Ei!rFJ:ti1Jh;r:::::·: :::::: ::: :::::: :::::: :: : :::::: : ~~~~~ ~ ~~~~~~~ ... -.. -~L:~•- :::: :: : :: :::::: 
Sodium biborate.... ...... . .•. . . . . . . . . . . . .. . . . . . . . . . . . . Trace • . ........ . 
Sodium chloride -. . . . . . . . . 297. 30 298. 66 509. 97 . ...... silo: 13.. . . . . 189. 10 
Potassium chloride..... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. 60 8. 50 . ...........•.. 
Hi!Y!i~Emi.~~:~::::: :::::::~r:~~~:: ::::::::::::::: ·······~:i~:"· ····· -- ~~~t:·· :::::::::~~~~~ 
Sodium iodide . . . . . . . . . . . . 3. 00 3. 59 o. 19 o. 08 2. 50 
tlf~~~.:::~::::::::::: :: :::: :: :: :: :: ::: · ··· ·· ·· · i: oo·· t ~i i: ~~ ~~!~: 
Organic matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace Trace .............. . 
Total. ............. . 
0-aaea. 
Atmospheric air ...... .. . . 






888. 40 627. 56 




• Allen, analyst. d C. F. Chandler, analyst (1885). c C. F. Chandler, analyst. 
b Allen, analyst (1879). • C. F. Chandler, aualyst (1870). 
0 John H. Steele, analyst. fJohnH.::,teele,analyst (priorto1838). 
(167) 
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Analyses of mineral springs in New York- Continued. 
Saratoga Springe. 





Grains Grains Grains G-raim 
Solids. per gallon. a per gallon. h per gallon . c per gallun.• 
Sodium carbonate............................ . .......... - - . 4. 92 ·•··• · ···iisi 
Sodium bicarbonate._ ........................ · · · · · · · 67_- 62 -· 3. 76 - - - - - - · 52_-84 · · Calcium carbonate ....•.•..••....••......................... - - - - - • - - • · - - · 68.&) 
Calcium bicarbonate......................... 140. 26 120.17 -•· - · • -_56_-92 -· Magnesium carbonate ...................... · ........................... · -· ·•···· ·· ·si.'io 
Magnesium bicarbonate ................•. _... 70. 47 76. 27 -··· •. • - - - - - - · 
Strontium bicarbonate ... __ ._ ... ____ ........... _..... Trace Trace --- - - • - - - · - - - · - ... · · · - · · · · · ··· 
Lithium bicarbonate .. . .. .. .. .. .. .. .. .. .. . . . .. .. .. .. .. .. .. .. .. .. .. 5. 13 · 9. 49 ...... - - - - - - · · · - · - · · · - · · - · · · ··· 
Iron carbonate .... _ .. _ ... _ ....•. ·. _ ... __ . . . . . . _ .. _ ... _ ... __ .. ___ . _ ...... _ . 3. 51 7.00 
Iron bicarbonate ..... _ ............•• _.. . . . . . . 1. 56 2. 57 . • - - - - - - • - - • - · 
Barium bicarbonate.......................... 0.99 0.88 •·····--i:48-- ······ ·-- ·i:~ Sodium sulphate-......•.......•...•............................... - ..... . f oj~ssiuh sulthate . . . . . . . . . . . . . • . • . • . . . . . • • . Trace 2. 03 . - • - •• - - - • • - - • · • • • • o. 21 
S
~~ddi
1iEi~g!fri:~~::::::::::::::::::::: ::: ::: :::::: :: : : : : : : . -·--. ;zll·· o. 19 
o um chloride.............................. 338.50 459.90 ...... is1."iJs·· ·····• ··2i4:00 
Potassium chloride ................ __ ......• . 16. 98 7. 66 ....... - - .. - - • • - - - - · · · · · · · · · 
Potassium bromide .............•....... _.... . .. _ ... _ .... _ . _. __ .. . . . . . . . . d2. 59 Trace 
Sodium bromide ........................... ·............. 1. 80 O. 99 . .............. -- - -- - ·····- · -· · · · ·· 
Calcium fluoride............................. Trace Trace .............. ········ ··i°oo 
Sodium iodide ...................... _ .. _ . . . . . . o. 04 0. 07 . - - - . - .. • • • • - · 6 
Alumina ............... __ .......... _ .•....• _. Trace 0. 33 0. 42 O. 5 
g~◊:nic·~~tt~; ·_-.::·_-_-_-.~:-_-.·_-.::::::::::: :: ::: ....... _ ~-:~~.. T:~!! ........ ~: ~~ .. __ _ O. 
84 
1------1·------ -------1---
Total ..................•.......•...... _. 644. 63 687. 28 311. 71 361. Ol 
Gases. 
Carbonic acid ........ _ .. : ...... ..•..• ~....... 361. 50 332. 46 





New Putnam Red Spring. 
Spring. 
Saratoga A I 
or Alum 
Spring. 
Grains • Grains Grains 
Solids. per gallon. b per gallon.• per gallon. r 
Sodium bicarbonate ... ~...................... 8. 08 15. 33 6. 75 
Calcium bicarbonate......................... 157. 56 101. 26 56. 85 
Magnesium bicarbonate . . . . . . . . . . . . . _ ... _.. 173. 61 42. 41 20. 48 
~IT~fut1m· umbi~ai~abrobnoanteat. e .. · .- .- -........ · .- _· ....• · .· .· .· .· ......• · .· .. o9_. 8113 Trace . ............ . 













Trace Barium bicarbonate.......................... (). 38 ••.. - • • • • • · 
Sodium sulfihate.............................. ... ... ~::::::::::::: ·· · 2.50 ...... . . . . .. . . 
i~~il~~/i!!!!!i!!!!t\!I :~~:::ifi:• !i!!!!i/iiii :::::::W: ······ ii 
Sodi~m_ chlori~e . . . . . . . . . . . . . . . . . . . . . . . . . • • . . 268. 04 83. 53 565. 30 134. 29 
~alc1um chloride...... . ..................... ........... .. . ....... ... .... Trace •····· · · · -i·34 otassium chloride ................... __ ..... 14. 87 6. 86 0. 36 If itif I)\!!!!I!!!t/II ;:;;;;~r .}t:::;;,,:~• )::57: ........ :E 
•···-······························· · 0.22 i ······ ··o:iis·· ···· ··· ·· ·o.·ii 
~~~~~·~-a:tte~·:::::::::::::::::::::::::::::. T:~g~ ...... ·-~·-~~. . T:~:: T:-a:: 
: harpies, analyst (1872). 
C. I<'. Chandler, analyst (1882) 
• J. R. Uhilton, analyst (1840) .• 
d With odium iodide. 
• Appleton, analy t. 
r J. G. Pohle, analyst. 
(16 ) 
NEW YORK. 









Salida. Grs.per gall.• Gra.per gall.b Grs.per gall.• Grs. per gall.a 
~~fil~: bt~!i:::~!t~:: :::::::: :::::: :::::: ·--- · · -· ii 66 · · ........ ~~-. ~~ .. ··· · ·- · ·i1: oi · · ...... · · · ·· 4: 61 
8:}t~:bt~~ib:~!t~::: ·::::::::: :::::::: · · · ·· · · i24:46 .. _ ...... -~~-. ~~ .. ···· ·· · · !i6:10 · · ...... · · · ·ga: i2 
Magnesium carbonate .................. - ....... - • • - • • - · Sil. 27 • .... • · 
1
· 09· _- 69 · · · • • • • • · · • · 72: 88 Magnesium bicarbonate . . . . . . • • • . • . • . . . . 61. 91 .••.••......••. 
Strontium bicarbonate . . . . . . . . . . . . . . • . . . . Trace . . . . . . . . . . . . . . . Trace 0. 02 
i1i!i~:b~~!f~.o-~~~~:::::::: :: : ::: ::::::: .. ..• ... -~·. ~~ _ .......... 5 .. 45.. 2. 61 4. 85 
Iron bicarbonate. . . . . . . . .. . . . . . . . . . .. . . . . 1. 21 ............•.. · • • · · · · · -o: 27 .. · · .. · · · · · · · o: 7 i
Barium bicarbonate...... . . . .. . . • . .. . . . . . O. 10 . . . . . . . . . . . . .. . 1. 70 O. 91 
Potassium sulphate...................... 5. 40 . . . • . • . • . . . . • • . 1. 82 .............. . 
Sodium phosphate . . . . . . . . . . . . . . . . . . . .. . . Trace . . . . . . . . . . . . . . . 0. 03 0. 02 
Sodium biborate. .. ... . ... .. . .... .. ...... Trace .. . . .. . . . . . . . . . Trace Trace 
Sodium chloride.......................... 398. 36 243. 62 453. 30 141. 87 
Potassium chloride . . . . . . . . . . . .. . . . . • .. . . 9. 70 . . . . . . . . . . . . 8. 73 8. 62 
Potassium bromide . . • ..... . ............................ . · · · Trace .... ..... . ............... ., . . 
Sodium bromide . . . . . . . . . .. . . . . . . . . .. . . . . O. 57 . . . . . . . . . . . . . . . 1. 30 0. 84 
Calcium :fluoride . . . . . . . . . . . . . . • . . . . . . . • . Trace . . . . . . . . . . . . . . . Trace Trace 
Sodium iodide............................ O. 13 3. 60 O. 04 0. 05 
Alnmina.. .. . . . . . . . . ... . . . . • . . . .. . . . ... . . Trace ~ 
1 57 
f O. 32 0. 09 
Silica . . . . . . . . . . . . . . . . • . . . .. . . .. . . . . .. .. . . 1. 28 S · l 2. 65 3. 19 
Organic matter . . .. . . .. . . .. . . . .. . . . . . . . . . Trace . .. . . . . . . .. . . . . Trace Trace 















Solids. Grs.per gall.a Grs. pe1· gall.d Grs.per gall.• Grs. per gall.C 
Sodium carbonate ............... .. .. . . . . . . . . . . . . . . . . . . . . . 2. oo ....... ..... .............. .. . 
Sodium bicarbonate...................... 82. 87 .•. .. . . . . . . . . . . 8. 48 16. 50 
Calcium carbonate ... .- ............................... _.. 26. 00 .. . . . . . . . . . . . . . 92. 60 
faleium bicarbonate..................... 95. 52 ..••.•.. _ .. . __ . 84. 10 ........ _ . . . _. _ 
Jagnesiumcarbonate.......... ..•....... ... ... .. . . . . . . . 75. 00 ........ _ ...•..... ...... ..... 
agnesium bicarbonate . . . . . . . . . . . . . . . . . 41. 50 . • . • . • . . . . . . . . . 65. 97 40. 92 
Strontium bicarbonate.......... .. . . . . . . . Trace .. _ ...................... _ .................. . 
Lithium bicarbonate ............. _....... 1. 76 
~i~tl~LI/\\E\ ::::)JL ;;j~}ti /\:~tf :::::ij/t 
So ~um t1ospbate . : ................ _ .. _. Trace ........ __ ............... ___ .. _ ....... _ ... _. _ 
Sodium 1borate _........................ Trace ......................... __ ........ _ .... _ ... . 
cofi"!lm chlori~e · - · · - . . ..... .. . . .. . . .. . . 128. 69 187. 00 182. 73 281. 50 
~f ~£~l~F+\H:2 ;::::?/:: ::;::~:::;::::: ·· ··· ii ::::::::::::::: 
Calcium fluoride......................... T~~~; :::: :: ::: :: : : : : .:: ::: : ::: :: ::: :::::::: :::: ::: 
Sodium iodide ...... : . . . . . . . . . . . . .. . . . . . . 'J;race 3. 50 2. 24 2. 75 
Alumina......... ....... .. ............... 0.48 .•••........... Trace .............. . 
Silica ... - - - . - . . . . . . . . . . . . . . . . . .. . .. . . . . . . O. 76 . .. __ ........•. 1. 50 1. 50 
Organic matter . . . . . • • . . . • . . . . . . . . . . . . . . . Trace .. _ ..... __ . . . . . . ..... _ . _ . ...... _ ... . ........ . 
Total.. ....... - . . . .. . . . . . . . . . . . . . . . 367. 32 294. 50 350. 22 
Carbonic acid .... ~~~~~-.................. 383. 07 I 326. 00 363. 77 
Atmospheric air......................... . .............. 4. oo ....... _ .. . . . . . 
a C. F. Chandler, analyst. d E. Emmons, aualyst (1839). 
bJ. R. Chilton, analyst (1841). eJ. R. Chilton. analyst. 
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NEW .JERSEY. 
This State is not conspicuous for the number of her mineral prings. 
Schooley's Mountain Spring is the only well-known resort. 
The water of a spri~ at Woodbridge, in Middlesex Coun ty, wa at 
one time bottled for sale but so far as reported none of the water of ' . the State is on sale at present. Unimproved weak cbalybeate sprmgs 
doubtless exist in many portions of the State, but they are at present 
of comparatively little "importance. 
A number of artesian wells have been sunk at Newark, Paterson, 
Jersey City, and in other parts of the State, ana the water in many of 
them is quite highly mineralized. Several of the analyses are included 
in the table. So far as known, they are not utilized medicinally. 
Mineral BpringB of New JerBey. 
Name and location. Character of the water . 
Remarks. 
.Artesian ·wells: • , 0 I 
.At Passaic Rolling Mill,' Paterson, ....•...•......•.. : . . . • • . . . . . . •• • • . . Saline. 
Passaic County . 
.At CelluloidWorks,Newark, Essex . . . • . . . . . . . • . . . •. • . . . . • . . . . • . . . •• • . . Calcio, saline. 
County. 
On Passaic River (Lister Brothers), . . . . . . . . . . . • . . 55½ . . . . . . . . . . . . . . . . Do. 
Newark,Essex County . 
.At Limbech & Betz's, Ninth street, . . . . • . . . . . . . . . 52½ . • • • . . . . • . . • . . . . Saline. , 
.Jersey City, Hudson County. 
R .At Winslow, Camden County...... . . . . . . . . . . . . . . . . . • . • . . . . . . • • • . . • • • . . .Alkaline. 
isbop's Well (45 feet), New Bruns- . .. . . . . . . . . .•. .•.... Calcio ....... . 
wick, Middlesex County:. 
Manasquan Spring, Point Pleasant, . . . • • . . ••...•..•........••••••.••••• 
<;)cean County. 
Mineral springs: 
.At Oceanville, (11 Monmouth Co ......•....•.............•••.••..•..••. 
On Pohatcong Mountain, near .•..•...................••.•.•.••••• 
. Broadway, Warren County. 
Pamt Spring, Kittatinny Mountain, ...............••••....•••.•••.•.... 
Warren County, near Del aw are 
Gap Water. 
Schooley's Mountain Spring Schooiey's 20 58 Chalybeate . . . Resort. 
MountaiE, Morris County: 
Spa Spring, Woodbridge, Middlesex 1 Cold Chalybeate ... Unimproved, but was 
Connty. once bottled and sold. 
Warwic'k Spring, Newark, Essex Co ....................... Saline ........ . 
a Only those of which analyses are given re the table are included here. 
(170) 
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per gallon. b 
Artesian Wells. 
Passaic Roll• Lister Bros., 




per gallon. d per gallon.• 
Sodium carbonate . . . . . . . . . . . . . . . . . . . 0. 58 · · · · · · · · · ii.' 27 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · Sodium bicarbonate .................... • • • • • • • • · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
1
· ·5·;,. 
Magnesium carbonate . . . • . . . . • .. . . . . 1. 60 · · ;, 
Magnesium bicarbonate ..•...........••..............••..•... is.' 09.. : : : : : : : : : : : : ·::: · · · · · · · · · · · · · · · · 
Iron carbonate....................... 0. ES ............... .. . - .. • • .. • • .. • • • • - • • · · · · .. · ... · · • 
Iron bicarbonate .. _ ................... : .. ......... - . . .. . . . . 2. 72 - - - - . - - -- - - . • - - - - · -• · - - -- - - · · · · · 
Manganese carbonate........ . . . . . . . . Trace .... ......•..... • - • • • • • .. • • • - ~ • • · · · · · · · · · · · · · · · · 
Calcium carbonate.................... 1. 42 .••..•.•.••..••. • • • .. • • • • - • .. • • · · • • • · • • · • • • · • • .. 
Calcium bicarbonate... ... .. . . . . . . . .. . . . .. . . . .. . . .. .. . .. .. .. . 41. 82 .... . - - . - - - . - - .. - - - - - - - - • • - - • · - - • 
.Ammonium bicarbonate . . . • . . .. . • . . . . . . .. . . .. . .. . . .. 18. 43 .......................... ioii." 9S 
Cal?ium sulphate . . . . . . . . . . . . . . . . . . . . 1. 68 . . . . . . . . . • . . . . . . 120. 7_0 
15
_ 
94 ~;~~~~!~~~~~~:-:·:·:·:::::::::::::: :::::::::&_:i~::: :::::::: :&.:i&:: ::::::::::::: ::: ...... ... ·-~~:~'. 
.Ammonia......... ................... Trace ............................. • • • • • · • · · • · -· · · · · · · 
Silicic acid....... .................... o. 74 0. 82 
Sodium chloride . . . • . • . . . . . . . . . . . . . . . 0. 43 13. 41 
Potassium chloride . . . .. .. .. . . .. . . . . . . . • .. . .. . . . .. . . . 5. 40 
Calcium chloride ....................................... • ..•.. ·. · • · · · · 
········40s:413·- ············i"41 
5.54 .............. .. 
278. 32 .•• . •••.•••.•••• 
109. 44 .•••. ·•··••· •••• };!~~J~iu~~i~!e ~hi~~i«i~~:::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Sodium bromide .................................. _ . . . Trace ...........•.•...... • • • • - -• • · • · · 
Sodium phosphate O 09 ....................... . ---· ... ........ •··· 
7. 00 ······ ··-······· 
~i;~;\t;.~~;?;;:·<~~·;·;·;·;~~~~~~~~~ ~ ~ ~~ ~ ~ ~~~ ~ ~~ ~ ~~ ~ ........ ~~~~; .. : :: : : :: : ~i~~~:. : ::: : ::: : :: : : : : ~
Iodine .. . ........•........•.......... _ .... _ .................... _..... Trace .••......... -- -. 
Total ........ ................. . 7.17 112. 75 929. 46 152. 81 
Gas. 
Cubie inches. Oubic inches. Cubic inches. Cubic inches. 




Celluloid Limbech & New Bruns-
Works,New• Betz's, Jersey Winslow. wick. 
ark. City. 
Solids. Grains Grains Parts Grains 
M . per gallon. d per gallon. d in l,000,d per gallon. 
M:g:::::~~r:h~::~.-.·.-.-.-:::::::::: .......... ~-.~~ .. :::::::::::::::: :::::::::::::::: ······· .. ··ao:ss 
Calcium sulphate . ..........•........ ..•. _ ... _. _. _.: . ........ _....... . . • . . . . . . . . . . . . . 148. 62 
Sodium sulphate..................... 11. 70 ............................................... . 
Magnesium sulphate .. . . . . . . . . . . . . . . 18. 70 ..• , .......... ......... ......... ........ .. .. ... . 
C!l')c~um ~ulphate . . . . . . . . . . . . . • • . . . . . 85.10 .. .. . . ... .•.......•. .........••.. .•............• 
S1hc1c acid.. ......................... 2. oo . .. .. . .. . .. .. .. . . 0140 ............... . 
if I~;~~~~~~~:::::::::::::::::::::: : : : : : : : : : : ~-: ~~:: : : : : : : : : : ~i.: ~~:: -- .. · · · <-~~:. · : : : : : : : : : : : ~~-: ~~ 
ili~f tf FII\\: \\\\ti ::: .. :Jt . :11 ttrn::::: 
Total ........ .•................ 
• C. McIntyre, jr., analyst (1870). 
~ C. F. Chandler, analyst {1870), 
124. 20 125. 42 .1654 189. 501 
0 New Jersey State Geologist's Report, 1g80. 
d New Jersey State Geologist's Report, 1879. 
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PENNSYL V .ANIA. 
Very little has ever been published with especial reference to J?enn. 
sylvania mineraJ water~. Walton's· Mineral Springs of the United ta~s 
and Canada (edition of 1883) credits the State with eight location : In 
Moorman's book of 1873 thirteen are mentioned, while Peppei "t of 
1880 contains thirty-two. In the present list forty-four are incla ed, 
of which sixteen are places of resort and five are used commercially, 
Several of the springs have been popular resorts for years. Bedf<lrd 
Springs has been so utilized since 1804. Next to tbese the Getty bmg 
Springs are probably as well known as any other in the State. Ore on, 
Minnequa, and Blossburg Springs are also among the most imp~rtant. 
The Bath Spring at Bristol, which was a place of considerable resort in 
Revolutionary times, has so declined in importance that few are aware 
even of its _existence. Some of the springs, like those at Ephrata, Yel-
low Springs, and Caledonia Springs, are summer resorts, but the waters 
can scarcely be called mineral waters, as they are merely notable for 
their purity and the desirability of their situation. 
The Reports of the Second Geological Survey present much informa-
tion in relation to the mineral springs of Pennsylvania, and contain 
many analyses, made mostly by Dr. Genth. These have been drawn 
upon and form the majority of the analyses given in the table following 
the list of springs. 
The chalybeate springs, as in most of the neighboring States, out-
number the others. There are a large number of sulphureted waters 
and one spring (Blossburg) is known to contain free sulphuric acid. The 
Perr,y County Spring is the only warm spring. In most of the books 
the temperature of this spring is given as from 700 to 72° Fahr., but 
information de.rived directly from the spring owner gives it as 66° Fahr. 
Name and location. 
Mineral springs of .Pennsyl!Vania. 




.Adams White Sulphur Springe, 1 mile ............. . .. -~.. Sulphnreted . . . . Once had considerable 
north of Chaneysville, Bedford Co... reputation as a resort. 
.Addison Ridge Chalybeate Springs, 4 . . . . . . . . . . . . . Chalybeate ..... 
Monroe Township, Bedford County. / 
A!um Rock $pring, .Alum Rock, Clar- ....... ... .... .......... do .......... . 
10n County. 
Bath Chalybeate pring, Bristol, Bucks 
Connt,r. 
BPdford 'prings, Bedford, Bedford 
County. 
Black Barren Spring, Pleasant Grove, 
Lanoast r County . 




orSwbeeney'sSpringe,15milee ............. . ...... ... ...... ... .... . 
, r~m iam r burg, ]'ranklin Co. 
Carli.~' Wint • nlphur Springs, near 3 ac . .. . . . Mild enlpburou I R to Hml 
Carli I • C•1mb rland oanty. I t nt. 
1 .. .. .. . . ..... ..... do ... ....... . Was once a resort. 
i52. 7; Saline, snlphu- 1· U ed commercially J 7 2, 400 to re t e d , and and as a resort. 62. 6 ohalybcate. 
1 60 62 ...... ...... .... . . Do. 
2+ . . . . . . . . . . . . . . .Acid, cbalybeate Has con id rable local 
r pntation. 
. ammer r .ort. 
ex-
(172) 
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Mineral springs of Pennsylvania-Continued. 
<ii i... i,.j 
bl) 
Q) 
i A -~ a) "" ~ P< 0 Cl) 
a) ..... 
l:l Character of the Name and location. ..... ·M Remarks. 0 ~ water. 
~ .s.,<:l 1-1 <P 
,.Q 
~ 
P< s ~ = 0 izi ~ ~ 
Ohalybeate sprinfxB: 0 
Four miles rom Pittsburgh, Alle- ........ ........ ·-·-·· ................... . 
gheny County. 
53 Two miles north of Chambersburg, -----· ......... ...... .... ....... . ..... 
Franklin County. 
Chalybeate, &c . Resort. Cresson Sprin~ Cresson Cambria Co .. 3 ........... ---- --
Doubling Gap bite Sulphur Springs, 5 ........... .. .. .... Sulph uret e d Do. 
Doubling Gap, near Newville, Cum- andchalybeate. 
berland County. 
Saline .....•.. . . East Clarion Sprin$ Elk County ...... 
Ephrata Spring, Ep rata, Lancaster Co. 57 Do. 
Fayette Spring, Fayette Springs, Fay- 1 ........... 48 Chalybeate ...• . Once a resort. 
ette County. 
42-48 . ... do . . ..... . ... Resort . Frankfort Springs, Frankfort Springs, 9 200+ 
Beaver County. 
Alkaline ........ U sed commercially. Gettysburg Katalysine Spring, Gettys- ------ ............. 57 burg, Adams County. 
Do. Gettysburg Lithia Spring, Gettysburg, ·----- ......... -----· ... . do ..... . . . ... Adams County. 
Acidchalybeate. Do. Guylyck and Gaylord's Spring, Bloss•• 1 160 ........... 
burg, T10Ya County. 
Chalybeate ..... Resort. Hafer 's Cha ybeateSJ'ling, 1 mile north- 1 ..... .. .. ···-·· east of Bedford, Be ordCounty. 
Kane Geyser Well (2,000 feet), near ........ ......... ....... Saline . ..•...... 
Sargent, McKean County. 
Sulphureted .... Unimproved. Kane Sul~ur Spring, 2½ miles north- , .. ..... .......... ....... 
west of ane, McKean County. 
Kittanning Mineral Spring, Kittan- .· ..... ......... . ..... Calcic, chalyb-
ning, Armstrong County. eate. 
Lovett Sulphur Springs, 1 mile from ........ .......... ---··- Sulphureted .... Do. Loretto and near Wildwood Springs, 
Cambria County. 
May's Springs, MUl~an's Cove, Harri- 2+ .......... ....... Chalybeate ..... 
son TownshiR, Be ford County. 
McCarthy's or Saltillo Mineral Springs, 2+ 60 60 Calcic .••••• . .•. R esort to limited ex-
near Saltillo, Huntingdon County. tent. 
McElroy's Spring, Westmoreland Co .. Chalybeate . . ... Local resort. 
McVitty's Spring, near Saltillo, Hun- 1 125 53 Calc~c .•••••.•.. Used slightly as a. re-
tingdon County. sort. 
Mineral springs; 
Near Clarion, Clarion County ...... Chalybeate ..... Unimportant. 
Rose Valley, near Reading, Berks Co .... do .••••.•••.• 
Hanover , York County __ .... . .... . . . . do . . ..•••.... 
Minnequa Springs, near Minnequa, 3 600+ 47 Chalybeate, sul- Reflort and water sold 
Bradford Coun ty. Afihureted. to limited extent. 
Perry County Warm Spring, Perry 1 5,400 66 kaline, calcic. H as ·been a resorti 
County, 14 miles from Harrisburi. abandoned now. 
ed and Lyon White Sulphur S~rmg, 1 ........ . .. .. .... Sulpho · chalyb- Resort. 
Milligan's Cove, in Harrison own- eate. 
ship, near Bedford Springs, Bedford 
County. 
Saline Sprin~ (Mr. Peterson's) , near Ta- ·-··· . ··-···- ....... .................... rentum, A legheuy County. . 
Salt springs : 
Near Conemaugh, near Saltsburg, ···-· ........... ...... - ..................... Indiana Conntv. 
Near Alba, Brad
0
ford County ... . .. .. ....... ....... -... -.. 
Sulphur springs: 
Near head of Mill Creek, in Mead ----- • ■--·-·- ......... . ··-··· .... ......... Township, Crawford County. 
On AJ1der'sRnn. 2¼ miles southwest ...... . ......... . ·--·· - ................... of Ironton, Warren County. 
On Ben's Creek, Somerset County . . ·······-·········· In Toho.vneTownshi~, Perry Co .. . . 2 
Three Springs, Three prings, Hun . 3 . Sulphuret ed, &o Do. 
tingdon County. 
Wildwood Springs, Loretto, Cambria 
' 
3 ........ ........ Chalybeate, &.o . Do, 
Cotmt,. 
Re 
Wolfor<l's White Sulphur Springs, Wo 1- ..... .. ......... . ...... ...................... 
ford's Ga-p, Bedford County. 
Do . Yellow Spnngs, Chester County ... .. . ··············--·· York Sulphur Springs, York Sulphur 2 . ..... .. ............ Do. 
Sprin~s, Adams County. 
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Constituents. 
.Analyses of rnineral springs in Pennsylvania. 
I 
Bedford Springs. 






Calcium carbonate ...•••. Gra.per !.~f Gra.per 1.w• Grs pe~1.ir Grs.pe~f.~f 
Magnesium carbonate.... o. 14 o. 59 1. 00 0. 94 
Manganese carbonate . . . . . . . . . . . • • . . . . • . Trace Trace Tra.::e 
Iron carbonate. . . . . . . . . . . . . . . . . . . . . . . . . . o. 05 0. 08 0. 04 
Sodium sulphate . . . . . . . . . . . . . . . . . . . . . . . . o. 61 o. 51 0. 33 
Calcium sulphate . . . . . . . . . . . . . . . . . . . . . . . 90. 46 73. 08 99. 83 
Potassium sulphate . .. . .. . .. . . . . . . . . . . . . o. 30 O. 41 O. 18 
Strontium sulphate . . . • . • . . . • • . . . . .. . . . .. o. 01 .••....•....... · 0. 13 
Magnesium sulphate ........•..... .-.. . . . 38. 68 33. 40 39. 62 
Barium sulphate......... ........ .. . .. .. . .. . .. . . . . . . . . . ..•. •• . . . . . . .. . Trace 
Calcium phosphate....... . . . . . .. . . . .. . • . o. 02 o. 02 0. 01 
Sodium chloride. . . . . . . . . . . . . . . . . . . . . . . . . o. 53 0. 37 0. 46 
Potassium chloride ..........•••..........•................••........................ • 
Lithium chloride......... . ... . . . . . . . . . . Trace Trace Trace 
Silica. . . . • • . . • . . . . . . . . . . . . o. 65 0. 17 0. 54 0. 77 
Hyclrosulphuric acid . . .. . . . .. . • .. . . . . . . • . 0. 01 O. 08 Trace 





































. Gra. per gall. b Grs. per gall. c Grs. per gall. b Grs. per gall. d Grs. per gall. e 
Sodium carbonate . . . . . • . . 0. 40 . • . . . • . . • . . . . . . 0. 75 ..•............. - .• - • • - - • - · - - · 
Potassium carbonate . . . • . 0.18 .. . . . • .. . . .. . .. 0. 25 ............... . - - . - - • - - • - • - - · 
Calcium carbonate . . . . .. . 8. 85 8. 00 11. 84 ................... • • • - - · · · - - · 
~~i~1~f:~1!~~:~i£i~: --~~~ ~~ .- ~ --~-:~~--: :::: :: : : : : :: : J~~~~~ .- .- --~---~~ .- .- :::::: ::::::::: ...... ---t:-· 
~anganese carbonate . . . . Trace . • . . . . . • • • .. . . . 0. 02 ............. · · · • • • • • · - • 0_- oi:;° · ~iEEfi~t?: ;;;;;:::o:j; :;;;;;:;;;:,;oo :::;;;:}36;; ::::::::);/ --------nr 
Calcium sulphate . .. . . . .. 2. 74 15. oo 4. 40 . . . . . • .. .. . . . .. 0. 06 
Potassium sulphate . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . ••.• _ . _.... . • . . _.... . . . . . . . . . 0. 11 
Magnesium sulfhate. . ... . .. . . . . .. .. .. . . 80. oo . ... . • . . .. . . . . . 3. 24 O. 25 
Calcium f bosp ate . . . . . . o. 08 ........ _...... o. 03 . . • . .. . . . . . . . • . 0. 05 
Sodi~m c loride....... .. . O. 12 10. 00 O. 18 . .. .. .. . . . . . . . . O. 09 
l~i:1;JltI ::'.:;;'.j•f 11t:::::;i;; \\;0( :!ff f:::I;r ~-:-~:_:.;~::: 
, Total............... 20. 30 124. 00 20. 71 . 5. 75 14. 32 
•• Gas. Oubic inches. Oubic inches. Oubic inches. Oubic inches. Oubic inchU. 
Carb~nic acid ............ . ............ .. 
• F. A. Gen th, analyst (1878). 
b F. A. Gen th, analyst. 
•Dr. Church, analyst. 
74. 00 .... :. ········· ............... · ···· ·· •• ·· ... . 
(174) 
d Rand & Cresson analysts. 
• F. A. Gen th, anaiyst (1875). 
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Analyses of mineral sp1'ings in Pennsylvania-Continued. 
Cresson Springs. 
Constituents. Gettysburg Kata.lysine Spring. 
Iron Spring. Alum Spring. Magnesia Spring. 
Grains Grains Grains Grainss per Grains 
per gallon. a per gallon.• per gallon.• imp. gallon. b per gallon.• 
Sodium carbonate ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . 46. 05 . . •... . •••• .. •. 
i~t~~~cbI~~:;;~~ie::: :.::::::::: ·.:: :: ::::::::::::::: U~ ·······T;~ce ............. ~-.'.~ 
Calcium bicn,rbonate . . . . . ·· 3. 53 . . . . . . . . . . . . . . . 0. 02 81. 00 16. 41 
Magnesium bicarbonate.. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 0. 41 76. 05 0. 54 
Nickel bicarbonate . ................. _ ....... _ ......... . .... _.......... . . . . . . .• . . . . . • . Trace 
Manganese bicarbonate . . . . . . . . . . . . . . . . . Trace Trace . . . • .. . . . . . . . . . . 0. 01 
Iron bicarbonate . . . . . . . . . 5. 04 3. 75 0. 02 Trace 0. 04 
C
Cobalt bbi?arbbonatet....... . . . .. . . • • . . . . . . . . . . . . . . . • . . . . . . • . . . • . . . . .. . . . . • . . . . • . . . . . • . . TTiaaccee •' 
op per 1car ona e .... · ............................... . ................... • • • • • • • • • • · 
fo~!s~~lp~~~it~.::::::: ·········i:M·· ·········o:10·· ::::::::·::::::: ::::::::::::::: g:~~ 
Ualcium sulpbn,te . . . . . . . . 48. 92 40. 20 0. 11 53. 20 0. 83 
Potassium sulphate . . . . . . 0. 32 o. 43 . • • . • • • • • • • • • • . • • • . • • • • • • • • • • 0. 21 
fn~fJi~~iJ~~a~!~. :::::: ....... Tr~ce .. ·········o:o5·· ::::::::::::::: :::::::::::::·:: ......... ~~~~~ 
ftgn.es_ium sulphate..... 22. 58 27. 70 ..... ... ... ...... ...... ·.•..••. O. 78 
Ba~l~:1~ulph~&b.~~.:: ::: ..... : .. . :·. ~~ ....•..... ~:·.~~ .. :::: :::::::: ::: ::: : ::::::: :::: .•••••.• • Tri~e 
Iron sulphate . . . . . . . . . . . . 23. 48 16. 25 .••...• • .•• •••• .• • . •• ••••..••..••••• • • • • • • • • • 
Iron_persulphate.. ....... Trace 33. 39 · 
Calcmm phosphate.. ..... 0. 03 Trace .•..... Tr~ce · ........ Tr~~e .. .... .... ... o: oi 
Sodium chloride . . .. • . . . . 0. 04 o. 02 1. 23 Trace 0. 66 
No[rfainfi:cifm!a;t:lt:e!Sril!!!ii!: !!!!!!!!! ii!: 
1
!![ ll[!!li I l: : : : : ::::~:: ; ;;:: ;;i!;: : :::::::;~ 
,.. .. -..................................................... : ::: : ::: : :: : :: : ......... ·do:ii 
Impurities _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • . . . . . 1. 10 
Total. ............. . 108.39 
a F. A. Genth, analyst (1875). 
b A. M. Mayer, analyst. 
145. 56 
(175) 
6. 88 266. 30 
• F. A. Genth, analyst (1874). 
d With nitric acid. 
26.54 
. , . 
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Analyses of mineral springs in Pennsylvania- Continued. 
Constituents. Gettysburg Lithia Spring. 
East Clarion I Kan~ 
Spring. Well. 
. . Grs.per gaU.• Grs.per gaU.b Grs.per gaU.• Grs.per gall.• G-ra.per ocJJ..
1 
Sodmm bicarbonate ... : . • 3. 20 4. 97 a. 38 ..•..•.••.•. - • • • - - • • • - • • • · .... 
Calcium carbonate .....•.......•.........•......•............• - - -• • • • • • • • · · · · · · · · · · · · ii! 
Calcium bicarbonate . . • . . 10. 71 8. 00 9. 96 9. 80 • - - - - - • - - • ~.'ii 
Magnesium carbonate ........•..•... . ........••••••.......... • • • • • · · · · · · · · · · · · · · · · · • • 
Magnesium bicarbonate.. 5. 31 7. 31 5. 83 0. 58 . - - • - • - • • · • •·· 
Strontium bicarbonate . . . . . . . . . • • . • . . . . . . . • . . • • • • • • . • . . . • . . • • • • • • • . . . . Trace • • • • · • • • Tnie 
Manganese carbonate . . . . . . • . . • . • • . . . . • . . . • . . . • • • • • . . . . Trace . . . . ••• . . . . . • . . ; 
Iron carbonate........... . . . . . •••. .. . . . . .•. . ...•... .• . . • • . . •••• .. . . • . ...••... .. . . . • . i.71 ,I 
Iron bicarbonate . . . . . . . • . o. 03 o. 05 O. 04 0. 72 • • • • • • • • • • • · ... 
t;£;1;:a~r:mr::::: :::::: :: ::: : ::: : : :: : ::::::: ::: : :::::::::: :: :: H: : :.::::::: :: :::: 
~~tiu~s~r::~te·:::::::: ·········o:·4g·· g:~i ·········o:4s·· :::::::::::::::········· ·as:~ 
Potassium sulJlhate . . . • . . o. 15 . • • • . • . . • • . • • • • 0. 15 ...••.•.••.•••• • • • • • · • • • • · • 
Magnesium s phate . . . . 3. 30 . • • • . • • • • • • • • • . a. 30 • • • • · • ·· 
Cnlcium phosphate....... ...... .. ... . ... .••.••.. ....... o. 01 Trace 0. 01 
Sodium chloride.......... o. 28 . • • . .••••••• ••. o. 32 336. 80 6455. 81 
Calcium chloride ........ : . . . . . • . . . . . • . . . . . . . • . • • • • . . . . . . • • . . • • . . • • . . . . 51. 86 2871.. 31 
Potassium chloride....... . . • . • . • • • • • . • • . o.11 • • • • • • • • • • • • • • . 0. 90 2. 63 
i~F:1ri!;~~~~~:::::: :::::::::::: ::: : ::::::::::: ::: : ::::::: ::: : ::: ........ ~;:.~;_. · · · · ·· · · · 55fli 
Lithium chloride ...•.......•..•..•.•.•...... : . • . . • . . . . . Trace Trace 2. ~ 
S
,ili.i:.c!a1t.: .. :.f_;h .. ::·:c;~;_,\·:·~1~ •• ; ;.' •.; e.i.: .:.: .: .1.: . :.:.:.:.l.l.i.~ -.~ :.: .. : .:.:.!.~ .:.:.:.:.: :.:.:.~.:,.: .. : '.: •.:.:.: : ~) ~ \i} : : : /{\ .......... ~;; 
S1lic1coxide.............. 1.78 0.17 ..•••••.• ~:~! .. ~~~~~~~~~~:t~:: :::~~~~:~:~~? 
Total ..•••••••••.••. 25.24 21. 06 25. 25 418. 94 10016. ~ 
Kittanning May's McCarthy's MoVitty's 
Mineral 
Constituents. Mineral Chalybeate Spring, Han• 
Spring. Spring. Springs. 
Spring. over. 
Sodium carbonate ......... ~~~·.~~~ ~.~l!:" .. ~~~· ~e:_ '!.~l!:" .. '::,~· !'_~~ '!.~l!:•.1 · '::,~· ?_~~ ~.~l!:•. Gra. per /J!:a~: 
Calcium carbonate . . . . . . . . • • . . . • • • . • . . . . 6. 67 . • • • • • • . • • • . . • . . • • . . . •• • • . . • • . 029 
Calcium bicarbonate . . . . . 16. 05 . • • • • • . . . . . . . • . 22. 24 9, 84 . - - •. - • • • • • · · · · 







.·~ •• ~.~.~. ~. ·.: :.· ·.· .~.: .~.~ .~ •.  ••• ••• ~.·:.· ~.- ~.- .~ ._· .: .: .: .: •.• .: .: .: .: 0_: .• : 0.: 6.: .: .: ......... ~: ~~. . • ........ ~: ~~. . : : : : : : : : : : : : : : : ·········o:cis·· ·········o."i4 .. :::::·::::::::. 
Codi!1fil sulphate......... 8. 73 1. 31 7. 79 1. 01 .••.•.••••• • •·· 
akrnm sulphate . . . . . . . 65.12 4. 55 72. 20 ...•..•.•...... •·· •·· • • • · · • •·· 
Aluminium sulphate..... 1. 53 Potassium sulphate...... 0.91 ·········o.·44·· ·········o:22· ·········o."iii .. ·:············: 
Magnesium sulphate..... 26. 85 2. 25 41. 80 Trace 042 
Iron sulphate . . . . . . . . . . . . 24. 49 • • • • · · · · • • · • • • • · • · · · · · 
Calcium phosphate....... 0.11 ·········o:cis .. ·······T;ace·· ·······Trace ·····•··•······ 
S~di~m chloride.......... o. 65 0. 46 0. 21 0. 06 •···· • • • • - · · ·· · 
lj~if: ft::::::)\_} ::::<r:: ;::::)t/ :::);{{ :::::.-.-_-Jfi 
~ydrosulphuric acid.·-.. . . . . . . . . . . . . . . . . •. • • . . . . . . . . . . o. 02 0. 02 ..•••..• - • • • · · 
arbonic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 46 ..•.....•...•.......•..•.•.... -. • • - • • • · • · · · · 
Total. ............. . 145. 86 
• F. A. Genth, analyst (1874). 
b O. Olds burg, analyst. 
• F. A. Gentb, an:i.lyst (1875). 
23.'26 
(176) 
146. 61 13. 69 
dF . .A.. Genth, analyst (1880), 
• F. A. Gen th, analyst. 
















TBALE,] PENNSYL "\IANIA. 
.Analyses of mineral s1JringB in PennBylvania-Continued. 
Constituents: 
Kane Sulphur 
Spring. Minnequa Springs. 
49 
Reed ;;d Lyon 
White 
Sulphur Spring. 
Grains GrGins Grains Grains 
per gallon.• per gallon.b per gallon.• per gallon.• 
Sodium carbonate . . .. . . . . .. . . . . ... . . 1. 44 . • • • • . . •• • .. .. . . 1. 09 0. 54 
&ilium bicarbonate.................. . .• • . . . . • . . .. . . . 1. 33 .••••....••...•. -• • • • • •·· • • • - • • • 
Potassium carbonate................. 0. 46 ................. - .. - • • - • • • • • • • • • •· · · • • -- - · · · · · · 
Potassium bicarbonate . . . . . . . . . . •• • . . • • • • • . . .. . . . . . . O. 14 -••• - ... • • - - - • • • • • • • • • -• • • • • • • · • 
-Calcium carbonate................... 4. 78 . . .. . • • • • • . . . .. . 0. 73 5. 58 
Calcium bicarbonate............. . . • . . . • • • . . . . • . . . . . . 6. 53 .......... - . • • • • .. • • • • • • - • • • • • · · 
Magnesium carbonate . . . . . . . . . . . . . . . 0. 85 . . • . . . . • • . . . . .. . 1. 27 1. 29 
liairuesium bicarbonate . • • . • . . . • • • . . . • . . . . . • . . . . . . . . 1. 59 .............. - • • • • • • - • • - • • • • • • 
Nickel carbonate . . . . . . . . . . . • • • • • • • . . Trace ..••........... - . • • - • • • • -• • • • • • • · · · · · • · -- · · · · · · · 
::Manganese carbonate ..... ·........... O. 02 .................... • • • -- • -- • • • • • .... •· .. • •• • • • • 
M~~~~:~bg~~t~b_o_~~~~:::::: :: :::::: ...... --~~~~~-- ~: i~ · --- ·· ··· · · · · · --· ··· ······ ···· · · 
Iron carbonate...................... 0.10 Trace :::::::::::::::: ............ 0:43 
Iron bicarbonate......... . . . . . . . •• •.• . . • • . . . . . • . . . . . .. O. 04 .••••••••••••••••• • •• • • • • • • - • • - -
.Barium bicarbonate . . . . . . . . . . . . . . . • . . • • • . . . . . . . . . . . . 0. 01 .•••.•..•• - - .. • • • • • • • • • • • - • - - • • • 
Magnesium borate ....... ~··... . . • • • . . • • . . . . . . . . . . . . . O. OS ................ - ••• - - - - • • • • • • - • 
1;;;t~¥pitti!~~::::::::::::::::::: : : : : : : : : : : : : : : : : L ..... ~~~~~ -~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : i.: &i 
{)alcmm sulphate . .. . .. . . . . . . . • • . • . . . O. 07 . • . .. • • • • . . . . . . . O. 49 0. 36 
r:i:Si~i;;!~::::::::::::::::: :::::::::::::::: ::::::::~~~~~:: :::::::::::::::: ~:~~ 
Calcium phosphate.................. O. 01 0. 01 :::: ::: : :: :::: :: · · · · ·· · · • · T;~~~ 
Sodium chloride .. . . . . . . •• . • . . • • . .. . . 0. 77 . 0. 19 1. 03 0. 19 i ?tta~sium chl?ride . . . . . . . . . • . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace ..........•..... 
1 hium chloride . . . ............. ,. . . Trace Trace . .. . . . . .. . . . . . .. Trace 
l~ftt~::::)::::::i::::;i :::::::::Ji( ::::::::~1jf: l __ .. :~;;.1. :::::::::5;i 
Y rosulphuric acid. . . • . . . • .. . • • . . • . Trace O. 01 . . . . . . . . .. . • . • . . 0. 06 
Carbonic acid .... .. . .. . . . . • . . . • . . . • • . a. 19 .. .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . 1. 29 
Organic matter...................... ...... ....... ... ........ .. ...... O. 74 ............... . 








10. 39 13. 76 
Perry County Gu:vlyck and 
Warm Gaylord's 
Spring. Spring. 
Gr aim Grains Grains Grains 
Sodium carbonate . ....•• .... .. .•.. .. per gall~~4~ _ .:.~~ ~~!~~~:~ .. __ :_~~ ~~:~~~:~ .. _ .!'.~~ ~~l~~~:• . .. 
Potassium carbonate . . . . . . . . . . . . . . . . O. 51 • • • • • • • . . . • . . . • . . •.•••..•...............•.•...•. 
~alcium_ carbonate....... . . . . . . . • . . . . 4. 75 .. • • • . • • • • • • . • .. 2. 67 ............... . 
1 
agnesmm carbonate............... 2. 47 .•• • . . . .. . . .. . . . 1. 94 ..•....•.....•• . 
8
rou carbonate. . .. . . . .. . . . • . . . . . . • . • . o. 18 ............................................... . 
c~f i!1m sulphate..................... . • . • • . . . .. .. . . . . o. 27 . • • .. .. . . . • . .. • o. 25 
cmm sulphate.................... 0. 61 23.13 ... . .. . . •. .•• • •. 17. 91 
Iii! l~:11::::iiii!iiiii \\iiii iiiiiiiiii .... · · · · .:!l!!. · liiiii :ii~ liiiii ::: :::::::Ii~ . 
dmm chloride . . . . . . . . . . . . • . . . . . • • . O. 98 O. 10 ....................... ......... . 
tJ~aline salts (chiefly chlorides) . ... ...... ..•. .. . .•. .•.••. ... . . . 1. 09 ............... . 
~f~t~~itt/~~~~~~~~~~~~i~ ~~~~~~- :::::: ::::;~ ;;:: :::: :: ::: :t'.l:: -·---..... ::.:: --:::: ::::::: :'.::'.~ 
Total ...... ................... . 
• F. A. Genth, analyst. 
h F. A. Genth, analyst (1875). 




85. 20 9.20 
d .Tames C. Booth, analyst (1850). 
• S. A. Lattimore, analyst (1885). 
110.98 
50 MINERAL SPRINGS OF THE UNITED STA.TES. [BULL.at.. 
SOUTHERN ATLANTIC ST A TES . . 
The general geologic features of the Southern Atlantic States are very 
much like those of the Northern Atlantic division and t,he mineral springs-
are also similar. Sulphureted waters and chalybeate springs are most 
prominent in both. There is, however, this difference : thermal springs, 
which are of infrequent occurrence in the northern section, are quite 
numerous in the southern. This is probably due to the fact that faulted 
strata are more prevalent in the Southern Appalachians than in the 
Northern, which recent observations by members of the United States 
Geological Survey (most of them still unpublished) seem to· indicate is 
the case. The connection of many noted European springs with dislo-
cated strata has long been known, and Prof. W. B. Rogers also called 
attention to the same state of things in Virginia, in his memoir On the· 
Connection of Thermal Springs in Virginia with Anticlinal Axes and 
Faults, published (1840-1842) in the Transactions of the Association of 
American Geologists and Naturalists. 
The Southern Atlantic States have more springs that are utilized for 
places of. resort than has any bther section, except the Southern Cen-
tral State·s. 
Virginia stands at the head of the secti_on in this respect. Only one 
State (Tennessee) in any other section has more, and in the latter case 
probably more of the localities are used simply ~s local resorts. 
A large number of the springs in this section are still unknown so far 
as a definite statement of their chemical constituents is concerued, but 
every year adds to the list of analyses. 
Szimmary for Southern Atlantic StateB. 
Number of 
Num)>o, •fl Total nnm• Number of Number of Number of spring lo• 
States. spring lo. individual springs calities springs ber 0 
calities. springs. analyzed. utiliz e d used ~om• analyses. 
as resorts. morc1ally. / 
i 
Delaware ........ .. ......... 5 5 0 0 :I 0 Maryland ........... .. ----. 29 101 4 5 4 District of Columbia ....... 2 4 u 0 0 
"Virginia ......•........•.... 97 307 75 54 ·: I 87 West Virginia ............. . 38 69 20 15 22 North Carolina .. ... ........ 77 175 19 33 20 
South Carolina ............. 31 39 
·~ 
3 6 
Georgia . .... . ............... 55 290 I 20 26 3 21 
Florida ..................... 37 58 4 11 0 4 





From the few reports of geological surveys of Delaware we learn that 
cbalybeate springs are numerous, as would naturally be expected from 
its geological structure. 
They are, however, of comparatively little importance, only one, so 
far as learned, having ever been utilized as a place of resort', viz, the 
Brandywine Ohalybeate Spring, which has long been abandoned. 
The table includes all the springs of which mention could be obtained . 
by correspondence . . 
Mi.neral springs of Delaware. 




-~ .,., ~ ~ rsS ~ ~~ I-< Character of the Name and location. .... i Remarks . 0 b.00 water. ~ .s.::: <:I) 





Brandywine Chaly beate Spring, Faulk- 1 ·····--· ·----- Chalybeate .••.. Once improved and land, west of Wilmington, New Cae- used as a r esort. 
tle County. 
Mineral springs: 
Unimproved and Near Dagsborough, Sussex County. ------ ·-··-··· -----· ·---···----------· nn-important. 
Two miles from Dover, Kent Co ... ...... ---····· Chalybeate ..•.. Unimproved. Ten miles from Dover, Kent Co .... ...... Sulphureted .... Do. 
At Smyrna, Kent County ...•...•.. ···-·----····----- Unimproved and filled up. 
MARYLAND. 
The general works on mineral springs give no ·space to Maryland and 
Dr. Pepper's list includes but one locality, viz, the Carroll White Sul-
~hur Springs of Alleghany County, which at present, so far a1S we can 
learn, is not resorted to. 
There are several localities that were once used extensively, but have 
fallen into disuse. 
The proximity of many of the springs to those of Virginia has prob-
ably caused them to be neglected. Still there are several places of re-
sort, and the water of one-the Strontia Well of Brooklandville-is 
used commercially. In the· eastern part of the State the springs are 
_mainly chalybeate, the majority of t~em unimproved a.nd unimportant. 
(179) 
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Jfineral sp1·ings of Maryland. 
-
r/, ~ ,..: G;l 
i bJ) ~ 
1:::1 Ii) ~ ·i 1:::1 fJ) 0 
=; ~ ~ Character of the Remarks. Name and location. .... i 0 b.00 water. ~ .s,.q G;l G;l 
1 ~ P< s .s G;l z ~ E,; ---
0 
Once used erleDBively. Barren Creek Springs, Barren Creek --·-· . ··-··· -· ....... Chalybeate •••.. Springs, Wicomico County. 
Belinda Spring, 14 miles from Sharpe 1 ---·-·· - ····· - .. -- .. --· -.. --- -... Once a resort bnt noiv burg, ;Vash~ngton County. unimproved. 
Bentley s Sprmgs, Bentley's Springe, 50 -...... . -----· Alkaline, cha- Resort. 
Baltimore Countv. llbeate, &c. 
Bevy Springs, old ·carroll estate, .Ta- 7 ......... - ------ C alybeate, &c. koma Park, Montgomery County. 
Bingham Spring, 3¼ miles northeast of ..... .. ------ -...... .. --- --..... -.. --. -.. Unimproved . Wit.tman, Talbot Countv. 
Blue Sulphur Springs, Piney Grove, 5 ·-····· . ----- ...................... Do. Alleghany County. 
Calcic springs: 
Limestone springs are Near Hagerstown, Washington Co .. ...... . -. -- -- . ...... ---··············· 
()arroll White Sulphur Springs, b~-
common. 
4 ........ 48 Sulphnreted .... 
tween Green Ridgeand Polish Mount-
ain, .Alleghany County. 
-Ohalybeate springs: 
Six miles from Easton, Talbot Co .. . . .. . --- ....... ·······----······· Unimproved. Near Hancock, Washington Co .... 2 .... -... -- -.. -·-- --
Near New Windsor, Carroll Co .... ···············--· In Queen .Anne's County .. ... ..••. -------·-········-Ennall's Spring, south of Trappe, Tal- .................... Do . 
bot Countv. 
Flint Stone Mineral Springs, Flint ··-··· 100 Cold Saline .......... U eed locally. Stone, .Alleghany County. 
Goltlsuorough Springs, 2 miles south- ·--··· -....... ------ ··-··········-···· Unimproved. east of' Dundee, Talbot County. 
Lloyd's Spring, Near Lloyd's Landing, ··-··· ........ ------ ·······---····---· Do. •~albot County. 
Mineral springs: 
Near Clear Spring, Washinclon Co . .. .. ·- ... -----· 
.At Mineral Spring, Garrett County. 1 . ........ -----· Solpho. chalyb- Do. 
I At Green Spring Furnace, Wash-
eate. 
2 ........... ....... Saline, cha-
ington County. Ir,beate, and 
lithia. 
Outram Springs, south of' Easton, Tal- ......... --·····. ----- -.... .. ....... ..... .... .. Do . bot County. 
Ridgewa,y's Springs, west of Easton, ...... -... . ..... ----··. .......................... Do . 
Tall>ot County. 
River Spring!!, River Springs, Saint 9 100 ......... Cha.lybeate, &o. Resort. 
Mary's County. 
Spa Spring-, Bladensburg, Prince 1 180 56 Saline, chalyb- Do. 
George's County. eate. 
Used commercially. Strontia Mineral Spring, Brookland- 1 350 50 •••• do ••••••••••• 
,me, Baltimore County. 
Sulph1ir 11prings: 
Unimportant and un-At Sulphur Springs Station, B. & ....... ......... ••••• V . .................. 
P. R.R., Baltimore County. improved. 
Near Williamsport, Washington ......... ······· . ....... .................... Unimproved. 
Counta" 
Near In ian Springs, Washington .......... ....... . ... ..... .. ···········-···· Unimproved and Dll· County. important. 
Warm Springs, 1 mile from Flint Stone ······ -- ... . -. M ... --......... ........ ~e~liany County. ' 
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Analyses of mineral springs in Maryland. 
.Constituents. Strontia Min-eral Spring. 
Parts 
in 100,000.• 
Sodium carbonate . . . . • • . . • • . . . . . . . • ..••.•......... .. 
Magnesium carbonate .............................. . 












per gallon. b 
0.37 
0. 26 






Calcium bicarbonate .....• :........ 6. 75 ............... .. ............ ............. ..... . 
Strontium bicarbonate..... ........ 1. 86 
Iron carbonate .............•.......••••........••••• 0.89 ··••···••·•••••• •••••• •• •.•••••• 
Iron bicarbonate . . • • • . . . . . . • • . . . . . 0. 88 
0.35 0.30 •••··•••···••••• Calcium sulphate .•••...•••••.••••.••••••••••........ Strontium sulphate.. .............. 0.22 .....•...............................•••...••..• 
Sodium nitrate..................... 1. 43 ..•..•..... v• •••••••••••••••••••••••••••••••••• 
-~i:::uchl~rd:t~-: :·::::.:::::::::: 1iJ; .......... 0:21 · ........... o: io·· : :: : :::::: :::::: 
Magnesium chloride . . . . • • • . • • . • . • . 6. 72 ............................ . ....••........•.... 
Calcium chloride . • • • • . . . • . • • • • • • • . 35. 46 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . ..•........ 
Iron . ~.. . . . . . . . . . . . . • . . . . • • • . • • • • • • • • • • • • • • • • • . . • . • . . . • • . . • . • . . . . . • . . Trace ••••••.••••••••• 
t!~:1.~.~::::::::::::::::::::::::::: ............ :·.~~ ............ o: 03 .. } o. 02 { :::: :::::::::::: 
Silicic acid... . . . . . • • • • . . • • • • . . . • • . . , 2. 05 0. 43 0. 33 .••.•••• ••.•.••• 
Organic. matter . . • • . . . . . . • • . . • . . • • . Trace . o; 91 0. 37 .••.•••••.•••••. 
fiioiif '.~;::ii)i~: ::~~:: ~~~:~~:;;~~: ~::::)~~::~~~! i:):~~~:~:~:: ~ !i 
soda. 
P:8J'~i:;i!c::~i:;~e, ammonia, Trace . . . . . . . . . . . . . . . . . .............................. . 
Total .••••..•••.. · ...••...•••. 
Gases. 
gfu~';!~·::::: ::::: :: : ::: : : : : : :·::: 
Carbonic acid ....•••......••...•••. 
• W. Simon, analyst. 







• Hector Humphrey and David Stewart, ~alysta. 
(181) 
174. 00 
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DISTRICT OF COLUMBIA. 
A_ number of the wells and springs within the limits of the District 
are chalybeate; but none, even the strongest, is of much importance 
and the number is so small that no detailed list bas been made. 
At Uniontown, or Anacostia, opposite Washington, and also near Le 
Droit Park, in the northeastern part, chalybeate springs exist. A well 
on Louisiana avenue, between Ninth and Tenth stre.ets, in WasbingtoIJ, 
is said to be quite strongly irupregnated with iron. T.here are several 
other localities within the city limits that are said to have chaJybeate 
springs or wells. No analyses have been made. 
VIRGINIA, 
Virginia occupies the same position among the Southern Atlantic 
States that New York does among the Northern Atlantic States, in re-
spect to both the number and the variety of her mineral springs. More 
than fifty localities are places of resort, some of them among t_be most 
famous in the country, and the waters of more than twenty are used 
commercially. Although the spring area proper is in the Appalachian 
region, mineral springs ar~ also found in the more level country that 
· stretches towards the coast from the foot of the Blue Ridge. Here the 
springs are largely chalybeate, as would naturally be expected. The 
thermal springs are confined to the mountain region. A large propor-
tion of the springs are sulphureted, as is the case with so many springs 
int.he adjoining States. 
The literature of the Virgiuia springs is quite extensive. Prof. W. 
B. Rogers, in bis geological report on the State, devotes considerable 
space to the mineral springs. Since his report a number of books have 
been published, among them those of Burke and of Moorman. These 
have all been consulted in the preparation of the following table. 
Boyd's Resources of Southwestern Virginia, published in 188J, bas 
also. furnished much information; but by far the greatest amount 
has been obtained in answer to circulars and letters sent to various 
portions of the State. Eighty-seven analyses are given in the table, 
the number of springs analyzed being seventy-five, which is only about 
one-quarter of the springs included in the list. This number is, 11 ow-
ever, slightly greater than the proportion in New York. 
(182) 
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Mineral springs in Virginia. 
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125 .Alleghany Springs, Alleghany 
Spring, Montgomery County. 
Alum Springs of Rock bridge County. . 5 
Goshen Bridge, Rockbridge Co. 
Alum Well, l4 miles northwest of 
.Abingdon, Washington County. 
Saline, calcic. . . . U s e d commercially 
and as a resort. 
Do. 
Amelia l::iprings, near Jetersville, 
.Amelia Uounty. 
Bath .A.Jnm Springs, Bath Alum, 
Bath County. 
Bedford .:!.!um arnl Iron Springs, Bed-
ford Springs, Campbell County. 
Black Rock Springs, iii Blue Ridge, 
.A ngusta County. 
Blue Ridge Springs, -Blue Ridge 
Springs, Botetourt County. 
Bolar Springs, 4 miles from Cleek's 
Mills, Bath County. 
.Botetourt Springs (or Johnson's 
Sprinf:s), 8 miles east of Salem, 
Roanoke County. 
Buckingham White Sulphur Springs, 
l.l miles from Buckingham Court-
House, Buck_ingham County. 
Buffalo Lithia Springs, Buffalo Lithia 
Springs, Mecklenburg Uounty. 
Burner's Springs (Seven Springs), 
near Woodstock, Shenandoah Co. 
Cecil's Alum Springs, Pulaski County 
Cedar Bluff Sulphur Springs, Uedar 
Bluff, Tazewell County. 
Chilhowee or Ho 1 s ton Sulphur 
Springs, 10 miles southwest of 
Marion. Smyth County. 
Church Hill Alum S_prings, near 
Richmond, Henrico County. 
Cistern Lick Springs, 18 miles north. 
east of Warm Springs, Bath Co. 
Claypole's C!Jalybeate Spring, 
Burke's Garden, Tazewell County. 
Clifton Springs, near Clifton Forg·e, 
Alleghany County. . 
Cold Sulphur Springs, near Goshen 
Bridge, Rockbridge County. 
Coyner's Sulphur Springs (post office 
addrese, Bonsack's, Roanoke Co.), 
Botetourt County . 
.Crystal SulphurSprinirs,18miles west 
of Staunton. Augusta County. 
3 .••.•••. ·•••·••••• •••••••••••••••••. 
Local resort. 
Once a resort. 
8 . . . . . . • . . •• . . . . . ... Chalybeate ..... Us e d commercially 
and as a resort. 
2 ·••·•••· 56 .•.. do .••••••.... Has beeu used com-
mercially and as a 
resort. 
____ ..................•.• ;do .....•••... Former-ly frequented 




375 50to 60 Saline, calcic .... Used commercially 
·and as a resort. 
Unimproved. 
Sulphureted .... Now the site of Hol-
lins Institute. 
120 • • • • • • . • • . Saline, sulphu- Resort. 
reted, and cha-
ly beate .. 
180 65 Alkaline, calcic, Used commercially 
and chalybeate. and as a resort. 
7 .....•...••••......•••••.•....•••••. Resort. 
Do. 
Local resort. 
. . . . . . . . . . • . . • • • . . . • • . Chalybeate ..... 
. • . . . . . . . • • . . . . . • • . . • . . . . . . . . . . . . . • . . . . Very slightly im-
proved. 
. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Used locally for medic-
inal purposes. 
, . . . . . . . . 58 to 62 Alkaline, cha- Resort. 
lybeate. 
aoo+ 52 Saline, calcic .... Used to some extent 
commercially and a.a 
a resort. 
5 75+ 52to 54 Sulphureted . ; . . Resort. 
2 60 .............. do ....•..•••• 
.......................... do ......•.... 
Do . 
Do. Daggers or Dibrell Spring, Daggers, Botetourt County . 
.Dick11on's or: Callaghan's Sulphur . ... ..•..... 
Spl'ing, Callagbanrs, Alleghany Co. 
54 
Dillard's Springs, nf'ar Ward's 
Springs, Pittsylvania County. 
• • • . . • • . . • • . . . . . . . . • . . Sulphureted .•.. 
Edmondson'1-1 Spring, or L ebanon 
White Sulphur Springs, J ennings 
Gap Road. Augusta County. 
........•••• 50to54 
Falling Spring, 9 miles northeast of 
Covington, Alleirhany County. 
Farmville Lithia Springs, Cumber- 16 
lan1l County, opposite Farmville, 





Fauquier White Sulphur Spring, 
Fauquier Springs, Fauquier Co. 
.Gray on's i::nJphur SpringR, Carroll 
Co., 20 miles sc,uth of Wy theville. 
175 56 
4.7 to48 
Alkaline, ca-rbon. Resort. 
ated . 
4 •••··••· Sulphureted .... Do. 
• a Flow of four springs, 
(183) 
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Mineral springs in Virginia-Continued. 
Name and location. 
0 
Hagan's Springs, near Clinch, Scott 3 2 49 
Character of the 
water. · 
Remarks. 
Chaly beate and Local resort. · 
sulphureted. County. 
HC~~~t~~ Mineral Spring, Tazewell . . . . . . • . . . • . . ......•.•. 
Rea.Jing Springs, Healing Springs, 4 . • . . . • • . 85 to 88 
Chalybeate ..... Used for medi ci nal 
.Alkaline, caloio. U ie~io::'~roially and 
Bath County. 
Holston Springs, 2 miles from Bio- 4 
Moccasin Gap, Scott County. ., 
Hot Springs, Hot Springs, Bath Co. 20 
Huguenot Springs, Powhatan 3 
County, 17 miles from Richmond. 
Iron Hill Spl'ings, near Alleghany 6 
Station, Alleghany County. 
Jord.an Alum t,pri?gs, near Rock• 6 
bridge Alum Spnngs, Rockbridge 
County. 
Jor~an's White Sulphur Springs, 1½ 2 
miles from Stephenson Depot, 




50 to 110 Saline, calcic. . . . Resort. 
::::\::::::::: ~-•J;~~;~~ w::~ce rnoorl. 
.•••..•. 152½ to 58. 2 Chalybeate . . . . . Resort. 
Saline ......... . 
57 Sulphureted and Used commeroiallyand-
chalybeate. as a resort. 
Frederick County. 
Kern's Springs, 6 miles northwest of 6 ..•.•••... _....... Chalybeate ..... Used locally as a resort. 
Woodstock, Shenandoah County. 
Kirnbei·ling Springs. Bland County, .. _ ............. _ ......•••....... _ ... _.. Local resort. 
28 miles from Wytheville. 
Liberty Spring1', 2½ miles northwest .................... _ . . . • • . . . . • . • . • • . • . Resort. 
ofRawley Springs. Rockingham Co. 
Lithia Springs. 3 miles southwest of ......•.......••••........••............ Unimproved . 
.Abingdon. Washington County. 
Lone Fountain. Augusta County ....... ·1 ·............... _ .. _______ ... . . . . . . Used locally. 
Magnesia Rpring-s, Ash Grove, near 4 400 60 Chalybeate _... . Unimproved. 
Great Falls of Potorna c, Fairfax Co. . 
Massanetta Mineral Springs (for. 2 30, ooo+ 60 Calcic alkaline. Usedcommcrc1allyand 
merly Ta.i lor·s Springs), near Har• ' I as a resort. 
risonburg, Rockine:bam County. 
McHenry's ThermalSp1ing, Scott Co .... ..•. ... 68 .•••••.••••....•.. 
Mill borough Springs, Millborough 2 . • • . . • • . 48 to 60 Sulphuretedand Resort. 
Sprmgs, Bath County. · chalybeate. 
·Mineral springs: 
Eight miles from Wytheville ............. _ .•.......... _............. · Do. 
Springs (Cove Lithia Springs), 
Wythe County. 
Near Mandota, W a sh i n g t o n 
County. 
5 . • • • • • • • • • • • • • • • • . Sulpburetecland Unimproved. 
chaly beate. 
3 .••••••.••••••••••.••. do .......... . 
3 •••••••••••••••••• ·••••• ••••••.••••• 
Near Beech SpriJJg-, Lee County .. 
Poor Valley, 9 miles northwest 
of Jonesville, Lee County. 
Three miles north of Jonesville, 2 75 . ••• : ••.•..•••••............ I Used locally. 
Lee Count,v. 
:r:~iv;:~:~s:::n, ::~~::.: . -~- : ~~~:~~~ ::~~~~:J:~~~:~ :~~~~~ .-:::::; Un:~roved. 
Springs, Mecklenburg Co. 
Montgomery White SulphurSprine;s, . . . . . . .. .. . . .•••.••••• Sulphureted .... / Resort. 
Montgomery Springs, Montgomery / 
County. 
Mungel's Springs, 9 miles northwest 4 70 Sulphuretedaod 
of Abingdon, Washington County. chalybeate. Used for medicin» 
Do. · 
Mustard·s Mineral Springs, near . . . . . • •. . . . . . . . . . . . . • . Sulphuretecl . ... 
Wit~~n'R Mill~, Tazewell County. pn.rpo es. 
New l,1ve1· White ulplmr Springs 150 85 .••. do ........... Re ort. 
(Eggleston Springs), near Stay. 
tide, Giles Countv. 
Orkney pdngs, Orkney Spring , 23 
Shl'naudoal.i Co1111t,. 
Palmer·s pring . Palmer's Sptings, 2 
Mecklenhurc Countv. 
Powhatan Litbfa and Alum ~prings 4 
~ear ~nllsvi_lle, Powhatan County'. 
Pie toi:i .- pnnir, i\Jontgomer-y Co .. 
Pula kr 1nm prings Dublin Pu-
la ki Conaty. ' ' 
:Rawley , prinl!. . Rawley Spring 
Rockin •ham County. · ' 
I. l. f D 572+ 58. 6-59. 7 Alka ml', ca c,c. o . 
. . . . . . . . . . . . . . . . . . I............ ...... U ed locally. 
64 Cbalybeate, &c. Used commercially. 
54 
58 ()h~.jybeilte·::::: 'C' d commerciaU and a r or 
178 51. 8-5!. 6 • •• tdo ......•.. · · Do. 
(184) 
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Mineral springs in Virginia -Continued. 
Name and location. 
0 




Roanoke Red Sulphur Springs, near 4 1,'278 53 to 60 
Salem, Roanoke County. • 
Sulphureted Resort. 
and chaly beate. 
Chalybeate . .. .. U sed commercially 
and as a resort. 
Rockbridge Alum Springs, Rock• 4 . • • . • • • . 50 to 56 
bridge Alum Springs, Rockbridge 
County. 
Rockbridge Baths, Rockbridge Baths, ..•......... 74 .Alkaline ........ R esort. 
Rockbridge County. 
Rock Enon Springs (Capper's), Rock 8 .........••.. - ... . 
Enon Springs, l<'rederick County. 
Rockingham Virginia Springs, near 10 
McGaheysville, Rockingham Co. 
730 40 to58 
7 ........ . ........ . 
Alkaline and 
saline, chalyb• 




Chuybeate .... . 
Used commercially: 
and as a resort. 
Do. 
Used commercially. Se,en Springs, near Abingdon, 2 
miles from Glade Spring Depot, 
Washington County. 
Sharon Springs, Sharon Springs, 
Bland County. 
3 ...................... do .. • • . • . . . .. Resort. 
~ enandoah Alum Springs, Shenan• 10 
cl oah Alnm Spring:;, Shenandoah Co. 
157 56to70 .... do ........... Used commerci a ll y 
and as a 1·esort. · 
Si!rott'i;, Springs, Silcott Springs, 
Londoun County. 
1 ..................... do ........... Unimproved. 
Snake Run Spring, 20 miles south• 
west of Conngton. Alleghany Co. 
. . . . . . .. . . . . . . . . . . . . .. . ... do . . . . . . . . . . . Resort. 
Stafford Springs, Stafford Store, Staf-
fo11.l Guunty. 
Stribling or Augusta Springs, Strib- 6 ................................... . 
ling Springs, Augusta County. 
Suliley Springs, Smiley Springs, 2 53 Chalybeate ..... 
Used to some extent; 
has been unimproved 
for a long time. 
Used commerciall y 
and as a resort. 
Once a resort. 
Prince William County. 
Sulphur Spring. Russell County, 24 1 .................. ·····-· .......... Unimproved . 
miles northwest of A l,ino-don. 
Sulphur and Chalyboate"' Springs, 3 ................................... . 
near Beech Spring, Leo County. 
soo+ 75to79 Calcic, chalyb-
eate . 
Sweet I halyueate Springs (l{ed 4 
Sweet Sprin~s), Sweet Chalybea.te, 
.A llegbauy Couuty. 
Tally's Springs, 2 miles from Palm• ........ .. ............................. . 
Resort. 
Has a local reputa--
tion. er's Springs, Mecklenburg Co. 
Tazewell Sulplrnr Springs, 5 miles 
northwest of Jeffersonville, Taze-
well County. 
4 ........ . ......... Sulphureted .... Wai, a resort prior to 
Union Springs, 3 miles south of Raw- ............... . ....................... . 
ley Springs, Rockingham County. 
Valley View Springs, near New- ........... . ......... . 
market , Sbenandoa.h County. 
Sul p h ureted, 
chalybeate. 
160+ . . • . .. . • . . Chalybeate, &c. Variety Springs, near Pond Gap, 4 
Augusta County. 






and as a resort. miles from Millboro Depot, Bath 
County. 
Warm Sulphur Springs, Warm .••. 360,000 96to98 Calcic .......... Resort. 
Springs, Bath County. 
Washington Springs, near Glade ...................... Chalybeate .••.. 
Spring, Washington County . .... . 
Do. 
Wayland Spring, near Jennings' Or• .......................... do •.•••••.... Local resort. 
<linary, Nottoway County. 
White Sulvhnr l')pring, Big Stone 1 . . . . . . . . . .. . .. . . . . .. . . . .. . . . . . ... . . . Used to a limited ex-. . 
Gap, Wise t:ount:,. tent as a resort. 
White Sulphur Snrin,e:s, Tazewell Co ........................................ . 
Wilson's T hermal Spring.......... . ............................. Probably same as Dag •. 
Wolf Trap, Lithia Springs (well), 
Wolf Tr ap, Halifax Co. 
Wythe,.ille Springs, Wytheville, 
Wythe County . 
Yellow Sulphur· Springs, near Chris• 




59 Alkaline, calcic. Used commercially. 
55 
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Analyses of mineral springs in Virginia. 
Ba~h.Alum Springs. I Clift-OD rings, 
I 
Constituents. Alleghany I I Springs. ,~~~ Spring Spring Cave 
Spring enng 
No.2. No.3. Springs. No.I. j ~0.2, 
,} --
------1-----1-----l-----1-----1- ----
Total. ............... . 183. 06 45.44 65.38 54. 79 6. 81 ·········· ······ ..• 
GaseB. Ou. in. Ou. in. 
~a1bonic acid........ . ...... 4. 66 4. 652 .•••.•.•....•...... ..... . _... . 6. 013 5. 018 ifl?:t'. ?~~:~~:::: :: :::: ~~~:: ::::::: :: : :::: :_: :::y:::::::: ::::::::: ·1 tr r;;. ;;~ 
•F . .A. Genth, analyst. •J. L. Campbell, analyst (1877). 
b Hayes, analyst. • With ammonia. 





.Analyses of mineral sp1·ings in Virginia -Continued. 












Grains Grains Grains• Grainspr. Grainspr. Grainspr. Grains 
per gall.a per gall.h per gall.c imp.gall.d imp.gall.d imp.gall.d per gall. 
Solids. 
Calcmrn bicarbonate .. . •• .. . . . . . . . .. . . . . . . . . . . . . . 5. 44 39. 28 14. 96 2. 52 1. 84 
~~mi:1t:cfri~;~~~:::: :::::~:::::: :::::: :::: ::::~: ~~:: :::::: :::: :::~~: ~i:: ::::i: ~~:: ...... ~-.~~ 
::ithium bicarbonate . .. . . . . .. . .. . . .. . . . . • • . . . . . . . . • . . . . .. . . 1. 46 2. 25 ................... . 
Barium bicarbonate.................................................. 1.75 .. ......•. --········ 
Iron carbonate .. . . . . . ..• • • . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . 0. 02 
Iron bicarbonate ........ ~.. . .• • • . .. . . . . . . . . . . . . . . 0. 41 0. 50 0. 30 8. 77 





















Calcium sulphate . . . . . . . . . . 4. 99 18. 67 100. 22 o 
Lithium sulphate. ......... 0. 24 
Mairoesium sulphate....... 12. 58 
Potassium sulphate . . . .. . .. O. 71 
Aluminium sulphate . . . • . . . 24. 18 
Manganese sulpha,te...... . . O. 19 
Iron protosulphate. . . . . . . . . 0. 59 
Iron persulphate . . . . . . . . . • . 19. 26 
Nickel sulphate . . . . . .. . . . .. O. 04 
Cobalt sulphate • • • . . . . . • . . . O. 06 
Copper sulphate............ O. 06 
Zinc sulphate . . . .. • • . . . . . . . O. 07 
~agnes~um n~trate......... O. 27 




Calcium phosphate.... .... . O. 30 Pho~phates ....•... - . . . . . . . . . . . . -• • • . . . . . . • • . . . . . . . . . .. .. . • . . . •.. Trace 
jodi"um silic~~::::::::::::: :::::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: 1.48 
C t?-m cblori~e .. -- . . . . . • . . 0. 23 . . • . .. . • .. o. 25 1. 26 4. 92 0. 22 
C \ mum chlonde ................... __ . . . ....... _ ........ __ . . • • • . . . . . . . .••... __ .. _ •.•.. _. . o. 12 
~~ ~ium fluoride . . .. . ...... Trace ...........••.....•..••....••..................•. . .•.• .• . - .. 
f~EtiiL2\H i}E ii:)) ::::i)r :it( \if :~:!;:: ::::::::: 
Sulphuric acid ... - - . . . . . . . . 4. 02 ... iil: 98 ... -.. . . .. .. Trace Trace Trace 
-Organic matter............. o. 29 . _ ........ : : : : : : : : : : . -T~~e· ... T~ic~-- . -T~~ce · ....... o: a2 
Total. .............. .. 70. 88 
Gases. 
• M. B. Hardin, analyst (1877). 
b William Gilham, analyst. 
92.17 159. 66 73. 66 98.38 14.47 11. 47 
•F. A. Genth, analyst. 
d W. P. Tonry, analyst (187f). 
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Analyses of mineral springs in Virginia-Continued. 
Constituents. 
Church Farmville Fauquier Dickson's /McHenry' l ilson·, 
Hill Alum · Lithia White Sulphur Tht,rmal T-~!ll]a/ 
Springs. Springs, Sulphur Spring. Spring. ring. 
No. 2. Spring. 
Grains Grains Grains Grains in Grains in , ~ 
. per gallon.• per gallon. b per gallon.• 200 cu. in. d 100 cu. in. d l cu. in.1 
~~y~~~c::~b~;:e:::::::::: :::::::::::: :::::::::::: :::::::::::: ::;: 6.34 · ....... ioo 
Calcium bicarbonate .• _..... . . . • . . . . . . . . 1. 33 7. 88 ..••.. • - - • • · · · - - · L 
54 Magnesium carbonate...... ...... ...... • .••... ...•.. L 50 0.52 
L
~ag?,esium bicarbonate ................ ······4:49 · 2. 47 .................. . • • • · · ·· ·· ·· ..... . 
1th1um carbonate ...... _____ . ........... __ 1·. 99 .......................... - ..... - - • - • - - - - - - - - · ...... . 
Manganous carbonate...... ..••.. ...... Trace . .... .. .. • .. . .•..... .• . . ••. • • • · · · · · 
f:J-:i::iss~tl;bh!:t~:::::::::: ······i:04·· f :g ............ ····-· ······ ..... ·a:11 .. ... -... iii I 
Calcium sulphate........... 88.83 1.81 ······a:ao·· :::::::::::: 7.83 8.(9 
Magnesium sulphate . . . . • . . 86:07 • • • • • . . • • • • . . • • • • • • • • • • • • • • • • • • • • • • . 0. 25 i U 
Potassium sulphate......... 2. 44 O. 18 eJ. 63 .. _ .................. - - . . • • - • · · ... . . 
Aluminium persulphate. .• . 72:93 .••..••.••••.••.•••••• .. ••..••.•• •. • • •· •··· • • · · · • · · · · •· ·· 
t;mtf!~~~::t:~\~:: ::: : : .... • s:: ;;.. : :: : : : ~ :: : : : : ~~ ~ ~ :l~: ~~:: : = ::: : : ::: : : : =:: :: : ~:::: : : : : ::·: :~::: 
Iron protosulphate . . . . . . . . . 24. 18 . . • • . . . . . . . . . . • • • • • • • • • • . . • . . • • . • . • . . •..• ._ - • • • • • · · • · · · · · · · · 
Iron persulphate . . . . . . . . . . . 51. 26 . • . . . . . . . . . . . . . • • • . • • • • • . • • . . • • • . . • . . .•.•••..• • • • • • • · • • · · · .. 
Sodium uhloride .. , . . . . . . . . 4. 62 5. 30 3. 75 0. 05 l . 5 i L ittlir 
Magnesium chloride. .. . .. • • . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . • • • • . • • • • . . • • • • . ) 0. 68 l > 
~~~~51;1~t~:;;~;;;~~: :::::::::::: ::::::::::: ::::::i_:~:: ::: ~~:: ::: :::::::1· ::.~::·::::::: 
t~E:~7:::::;:;::;;;:: :>;:;:: ····;rr );;;;;;;;; ::::);L ::::?r: :_·_·_{: 
l!1~sc1f~~~~i~d.:::::: ::::::/~···~~~~~ ..
1 
.... Tr°~c~-- : ::::~:: ::
1
::::: :::::::/1: ::::::::::I:::::::.:::: 
Orgamc mat,ter . . . . . . . . . . . . . . • • • • • . . . . . . ·.i.race .... ~ . . • Little · Little (') 
Gaseous matter, &c... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. IO /' .•. • - • • • • • • · • • • • · • • • • • • · • • • · · · · • · · • 
Loss . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . .... _ . . . • . . o. 19 .•••.....•.. .:.:.:.:..:..:..:..:.:.:.:..: 
Total . . . . . . . . . . • • . . . . . 426. 69 1 26. 39 22. 00 / 7. 47 / 20. 41 22. 85· 
Gases. Cubic in. Cubic in. I I 
Carbonic acid ...... .. ... . .. . . . . . . . ...... . 74. 2 11. 00 ..•......... 
1 
U11determ'd/Undeterm'd, 







Mineral Springs near 
Farmwell Station. 
No.1. No. ·3. 
Healing Springs. 
Old f Sew 
Spring. Spring. 
Grains in Grains Grama Grams Grains Grains 
S . 200 cu. in. d per gaUon. h per liter. 1 per liter.I per gallon.i per gallon) 
od~m carbonate . . . . . . • • . . I. 32 . . . . . . . . . . . . . . • • • . . . . . . . • •..........••.. • -• - • • • • 
Calc~uw carbonate.......... 2. 77 fi. 40 0.1319 · 0.1107 17. 90 18. 72 
'~~~~~:~~~~-bn_0:!~~·:::::: ·····c·,>····· ......... ... 0.1100 0.143s ..•• . ... .... .••...• ... 00 Iron carbonate . , . . • . . . . . . . . · · · · · • · · · · · · · • .. · · · · · · · · · · · · · · · · · · · · i: ~; J: 28 
Sodium sulphate .........•.•.•• · T;ace ·. . ... T~~ce ...... o: 2355 ...... o: 2543. --. -. · · 
Calciu~ sulphate . . . . . . . . . . . . . . . . . • • . • • 20. 48 1. 5052 1. 6363 .••••. 1: 3r · .... , 1. 26 
wagnes1um sulphate . . • . • . . . . . . . . . . . . . . 12. 72 0. 0750 0. 0975 7. 25 7. 39 
• ~tas~i1:1m sulphate . ........ . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . 2. 21 2. 53 
.o-iumm~um sulphate........ . . . . . . . . . . . . Trace · · .A.mmomum snlphatlt ........... . ············ ······0:211 .. ········o:23 
1 1 ••••••• •••••••••••· .••••••••••.••••••.••••. ·•••••·••••· 
.r,on s_u ;phateh .. .......•• .. . ·1 ·..... . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 18 O. 10 
..o..J.U_m1n1um p osphate...... .. • . .••• .... Trace .. . . .. .. . . . . ... . . . . ... . . · · · ·· · · · 
Sodm°:' chloride............. 0. 12 1:1. 52 0. 0104 o. 0244 · .. · · · o."27 · · · · · · 2. 89 
llf ~1[1Il):i !! !/;I l-1!\/;i{ji!!i!fi;f ![! ;;;i~ii- ;l}iiI:. '. :::ii:•.:::: ::iif 
~ulphureted h -d~~·~;;:·:::::/: ····· .•.... ······ ...... o. 0040 ····•· ······l······;;,.ce·· . Tra 
y g ·········· · ············ ........•••. ............ T 
Total • • • • • - . . . . . . . . . .. 7. 38 41. l2 / 2.1067 2. 2942 34. ; I 
:-r. C. Bo?th , annl .'iet. • With eotiiuru nlphatt-. 1 R. B. Biirg , anall' t (r 
• E. T. Fri to .• aaaly t (1879) !With iron phosphate. J W . .E. Aiken, n • (~~ • 
.i '.fJ1°lf al nu •ll, au Illy t (1878). ~ Quantitie not ,ri l'en. t With amruoniwn chlort 
· · oger , llllalyet. b Hayden, anaJy t. 
(1 ) 
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Hot Springs. 
Constituents. Boiler Bath 
Ho~a~f~ut New Hot 
I suihur Bath 
(Old Vtdies' Octagon Bath. Sprm~. or adies' Sul Boiler Bath). 1 
phur Bath. 
Gram Gram Gram Gram .Gram 
ta!cium carbo~ate ....... 
per liter.• per liter.• per liter.• per liter.• per liter.• 
0. 2355 0. 2390 0. 2340 0. 2272 0. 2355 
Magnesium carbonate .... o. i249 0.1201 0.1218 0.1228 0.1155 
Sodium sulphate ......... o. 0370 0. 0281 0. 0296 0. 0278 o. 0420 
Calcium sulphate ........ 0.1407 .0.1424 0.1504 0.1401 0. 1278 
Potassium Rulphate ...... 0.0138 o. 0187 0. 0185 o. 0212 0. 0158 
Potassium chloride ....... o. 0105 0.0092 0. 0086 o. 0061 ' 0. 0068 
Alumina ................. o. 0020 0. 0025 o. 0035 0. 0060 o. 0065 
Silica ..........•..••..• •. 0. 0275 o. 0235 0. 0255 0. 0235 o. 0230 
Bromine .......•.•....•.. Trace Trace ... -. - --... ----- ··-········--·· ·---······- · --· Loss ........••••••..••••. 0. 0056 0. 0090 o. 0021 .................. 0. 0046 
Total .............. 0. 5975 0. 5925 o. 5940 o. 5747 '. 0. 5775 
Hot Springs. 
Constituents. "' ·Gentlem("n's Magnesian Boiler Sprin\ or Ladies' Ladies' Sul- Pleasure Bath 
Spring. Boiler ath. phurBath. or Magnesia 
Spring. 
·solids. Gram Grains Grains Grains Grains 
Calcium carb'onate ....... 
per liter.• pergallon.h per gallon.• per gallon.• pergallon.• • 
0.1845 17.40 17.34 16. 44 9. 48 
Magnesium carbonate .•.. 0. 0731 ----·······---· 2.68 2. 80 2.02 Iron carbonate ........... ------• ---··--· --------------- 0.11 0. 06 0. 08 Sodium sulphate ....•.... , o. 0201 3. 64 1.02 1. 01 0. 85 
Calcium sulphate ........ . 0.0744 5.48 1. 74 " 2.10 3. 02 
f~gne~ium sulphate ..... ··-············ 2.05 5. 66 5.10 1.06 
sidf!:~l~~~~~t~-::: ::: 
0. 0109 .................. 1. 35 1. 82 0. 57 
................. 1. 33 o. 12 0.14 0.13 
P_o~assium chloride ....... 0. 0042 --. --. ---... --. 1.60 0.17 
~ 
0.16 
Silica .......... : .......... 0. 0120 0.18 1. 74 1.37 0. 69 
Loss ........ , .... . ....... 0. 0033 --.. -. ~ - .. -. -.. --. --------------· ................. -------·---·-- · 
'Total .............. 0. 3825 30. 08 33.36 31. 01 18.09 
-
Gases. Oubic inches 
Carbonic acid ............ 
in 100 cu. in. 
----------···-- 11. 007 ·-------------· --·-·····-·---- ----·········--Sulphureted hydrogen .•. ·····--·-- ·--·· Trace ::: : : : : : : : ~::: l ::  ::·::::: :: : ~ .................... it;~:!n::::::::::::::::: ....... ......... 0. 220 ··--········-·· ....................... 1. 790 . -- .. -- ......... 
• F. W. Clarke, analyst (1884.). . • W. B. Rogers, analyst. • William Gilham, analyst (1866). 
(189) 
' 
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Analyses of mineral springs in Virginia-Continued . 
.Jordan Alum Sprillgs. 
Constituents. 
• Spring. Spring. No. 2. No. 3. N~. 4. .L 'o. 5· 
1 
• ' 6, 
Chalybeate Alum Spring I Spring Spring prin~ Pring 
____ S_o_z.i_·d-s.-----l--G-ra~i-.n-s-l-G-r-a-in_s_ Grains / Grains Grains / Grain.II I Graina 
M!!~!~~~~ cc::~:~:t~:::::: per g&lt! -~:~ -~~~l~ ~ .~~?~~l:~ 't~ t;~·; t~ ~~:~· :a :~~~~~~~-It?~:'. 
~~diuc!r~i~~:t·~•:::::::::: i:Il ·····o:ii. ····0:25· ·····o:i9. ·····o:2sl· ···--0:n· ······e. 24 
Calcium sulphate . . . . . . . . . . 3. 71 4. 44 o. 32 O. 29 3. 31 3. Ol l.8! 
Lithium sulphate.......... . ... . . ... . .. . .. . . . . . . Trace Trace 0. 02 O. Ol ~~) 























Potassium sulphate . . . . . . . . · o. 13 1. 31 ,.., 
tluminium sulphate....... . . . . . . . . . . . . 25. 38 11 20 6. 88 ~l. 05 26. lJ 2i.85 
anganese sulphate....... ............ .......... o: 12 0. 30 1. 02 0. 57 0.53 
iron sulphate.............. .... .. ...... 18. 54 ' 1. 43 I. 84 . •.•...... • •· · · · · · · ;· ····--0·32 /on protosulphate......... . .. . . . ... . . . ... . . . . . . o. 30 o. 23 0. 52 1 0. 22 2·67 N~k persulphate. ......... ....•. ...... ......... . . .. ... .. . ........ .. 5.17 2. 43 0.41 . C IC el sulphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. IO O. 13 O. 46 O. 26 · 
r. obalt sulphate............ . ..... ... .. . . . . .. .. . .. o. 08 o. 09 o. 32 O. 31 0.31 
t>pper sulphate ........................ /. .. . . .. . . . 0.12 0.11 6. 08 2. 33 8. 1~ 
Cmcsulphate ......................... ,. ......... 0.07 0.03 0.61 0.22 0.28 
Cadmium sulphate .... ·.... . .. .. .. ...... . .. . . . . . . . Trace Trace 0. 03 /' Trace T:;i! 
1 
alcium phosphate..... . ... o. 02 /. .• • . .. . . . Trace Trace 0. 01 0. 01 
t lY :}!~;tt~it::::::: : : : : : : : : : : : : HI : : : : : : : : : : .- ~ ~ ~ ~ ~ .- .- .- : : : : : : : : : : : : : : : : : : : : ......... . 
~~diu:e::i_~~ici~:::::::::::: ·······o:ii. &~: ·····o.oi l·····o:oi· .: ... o:os· ·····o:oti· ······o:04 
S ai<;1ium. fl1;1oride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Trace Trace Trace I Trace Trac& 
tlrE;t~:~•~.:_:.:.:::::~~:::: Hg :::::~~;~: ::::i~i: ::::iii: .:::iii: :::.iii: :::::iiz 
O
u ph1;1nc acid . . . . . . . . . . . . . . . . .. . . .. . . . 23. 64 2. 07 2. 14 4. 84 7. 90 5. 32 
rgamc matter ........... ·.. O. 09 o. 58 Trace Trace Trace I Trace / ~ 
1--------------·---1--------:--
Total. . . . . . . . . . . . . . . . . . . JI. 46 84. 64 21. 54 17. 94 116. 27 / 52. 73 / 55. 09 
Gasea. 
Cubic in. Cubic in. Cubic in. Cubic in. Otlbic in I Cubic in I Cubic in. 
Carbonic acid . ... .. .... .. .. 5 60 6 16 11 22 11 39 10. 38. 9. 91. IL 08 
gflr~:!~::::::.·:·.·.· .. ·.·.·.·.·_·.·.· 1:ao · 1:33 1:21 1.11 1.35 1.62 - aw aw a~ aw a~ ~~ 
•J. W. Mallet (1873), "William E, A. Aiken (1873). 
(190) 
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Pulaski .Alum Rawley 
Springs. SpFo~;{ai:.in 
Grains Grains Grains (],rains Grains per 
per gallon.a per gallon.b per gallon.• per gallon.d imp. gallon.• 
Sodium carbonate........ .•. . . . . . . . . . . . . 6. 21 i. 13 .•••............ • • • ...... • • • • • 
Calcium carbonate . . . . . . . . . . . . . . . . . . . . . . 0. 72 14. 78 . . . . . • • . . . • . • . . . ........ , ••• •. 
Magnesium carbonate.... 2. 88 1. 62 6. 95 .••.....••.•••.... • ••..• - .... • 
Potassium carbonate..... 9. 71 O. 75 • • • • • • . . . . . . . . . . • . . . . . . . . . • • • . • • • • • • . .•..••. 
Manganese carbonate . . . . 0. 01 . . . . . . . . . • . . . . . O. 05 ......•.••..... •· .••••..••.... . 
Iron mrbonate ......... , . Trace . . . . . . • . . . . . . . . 0. 38 .••..••. .. .•••• .• •••••..•••••• 
Calcium sulphate . . . . . . . . 5. 13 2. 32 0. 42 1. ·58 .•• • ••.••• . •••• 
Magnesium sulphate..... . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . • . . . . • . . . . . . 1. 87 .•••.••••.••••• 
!rJis~i1;1m sulyh:tt;····· 2. 09 ..•.•.. . . .• . . • •• 0.11 ;u: : ::: ::::: :::::: 
§~ !1~!ir~.-.-.::::: ::::::::::::::: ::::::::::::::: ::::::::::::::: 10i:: ::::::::::::::: 
Sorlinm chloride.......... 0. 76 0. 42 . •• • . . . . . . . . . . . 0. 56 .•••••••••••••• 
Potassium chloride. . . . . . . . . . . . . . . . . . . • • . . . • • . . . . . . . . . . . 0. 16 .••••••.•• ••••.. • •••• •• •• . ••• • 
Ammonium chloride . . . . . . • . . . . . . . . . . . . . . . • • • • . . . . . . . . . O. 01 .............. .. .... . ...... . . 
Soda . ..... . ...•...••..••.••••••.•••.••..•• ,. . .. •• . • •• . • •• • •• • • ••••• •• .•• • •• . • •• •• • • . O. 31 
l ~~~:s_i~.:::::::::: :::::: :::::: :: :::: ::: :::::::: ::::::: :::: :: : : :: : ::: : ::::::::: :: : : : : g: ~;· 
Lime..................... ...... ......... .•••.. •........ ........ . .. . . . . ••.... . . •..... . 0. 35 
Lithia........... . . . . . . . . . . •• • • . . • • . . . . . . . . . . . • . • • . . . . . Trace . . . . . • • . . • . . • . . Trace 
Ammonia .............................•..•••••. _ . . . . . . . . .. • • . . . . . . . . . . . • • • • • . . . . . . . . . Trace 
Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace .. • • • • . . . . . . . . . . . . . . . . . . . . . . . . . .•• •. . ... - -
~iJ]f.~t•;i::: :::::::::;_:;;:: :::)):::) :::::: ~i;,:: ::::::::::): ....... -}!] 
Silica . --. . . .. . . .. . . . .. .•. . O. 25 O. 67 0.13 . . • . . . . . . . . . . . . 0. 82 
if ~l;~¥.~iJ.; ;;;;:/\{'. i/~\it: ;;;;ztt;: ~~:~:~}( ::::::::::rn 
Total. ........... . 
Gases. 
21. 63 15. 04 25. 76 5. 78 137. 96 I 
Oubic inches. 
garbonic acid . . . • . . . . . . . . . . . . . . . . . . . . . .. . . • • . . . • • • . . . • . 2. 64 . • • • • • . • • • . • • • . 7. 24 
N:i::l gen · · · · · · -· · · · • · • • • • • • • • • ... -. . . . . . . . •• • . . 8. 44 . • • • • . . • • . . . . • . 2. 07 
c!/b::~~<i-iiy°a:~~geii"·::: ::::::::::::::: ::::::::::::::: ····--·--i2s·· ::::::::·::::::: ........... ~·.~~ 
• Thos. Antisell, analyst (1871). 
b D . K. Tuttle, analyst. 
• J. W. Mallet, analyst. 
(191) 
• J. L. Campbell, analyst (1870). 
• J. W. Mallet, analyst (1878). 
'With eoda. 
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Analyses of rnineral springs in Virginia-Continued. 
Constituents. 
Total ................ . 







Bear Wal• Chalybeate / 
low Spring. Spring. , 
12. 20 7. 61 
Spring No. 1. 
46. 74 43. 09 
Gases. 
8 1 
b Oub. inches. Oub. inches. Oub. inches. Oub. inches. Oub. inches. Olt,b. inchu, 
u p ureted hydrogen.. . . . . . • • . . • • . . . • . 6. 91 ..•..................... • - • • -• · · · - · · · · · · · · · · · 53 gflr~eg~~ ·.·.·.·.·_·_·_-_-_-_·_·_·_· ·.·. ·_ ·. ·. ·. 31._ 0654 ••••• ·2·.·s·s· ··1 o. 46 . • • • • • •• • • • • . . • . • . • • • • • • l: 19 
Carbon uioxjde ·.-.... . ...... 4. 64 8. 62 ~: ~: · · • · · • • · • • • · · · · · • · ••• • • • 12. 37 ············ ············1 
•J'. W. Mallet, analyst (1875). 
bJ. W. Mallet, analyst. 
(192) 
• A.. ..A.. Hayes, analyst. 
• M. B. Hai-din, analyst (1873). 
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Analyses of mineral springs in Virginia- Continued. 
Rockbridge Alum Springs. 
Constituents. 
Spring No. 2. Spring No. 3. Spring No. 4. 
Grains Grains Grains Grains Grains Grains 




Sodium sulphate.......... . . . . . . . . . . . . . 0. 03 0. 02 . • • • • . . . . . • . 0. 03 
Calcium sulphate......... 3. 26 3. 23 2. 64 3. 26 2. 32 
Lithium sulphate . . . . . . . . . . . . . . . . . . . . . . 0. 02 0. 02 ..... • .. • • •. 0. 03 
:Magnesium sulphate . . . . . 1. 76 5. 61 6. 37 4. 42 7. 36 
Potassium sulphato.. .. .. . 1. 76 0. 41 0. 38 • • • • · · · • • · • · . 
7
~: ~~-
.Aluminium sulphate...... ....... ...... 42. 61 ..•... ··;;,· ...•.....• .- .. . 
Manganese sulphate...... . . . . . . . . . . . . . O. 09 0. :>3 . . . . . . . • . • . . 1. 37 
1. ~o 
0. 06 








Iron persulphate.... . . . . . . . . . . . . . . . . . . . 1. 95 1. 76 . . . . . . . . . • . . 2. 90 
~ickel sulphate........... . . . . . . . . . . . . . 0.14 0. 24 • • • • . . . . • . . . 0. 23 
Cobalt sulphate........... . . . . . . . . . . . . . . 0. 02 0. 08 . . • . . . . . . • . . 0. 08 
~ftt:~;~r:ea~~-:::: :::::: ::::::: :::::: ....... o:so· ... , ... o:iii". : : : : :: :::::: ...... 0:22 .. o. 05 
lead su~phate_. . . . . . . . . . • . . . . • . . . . . . . . . . Trace Trace _ -.. • • • • • · · • ·T T'rn
1
_accee · · · · · · T;~~~ 
Ammomum mtrate . . . . . . . . . . . . . . . . . . . . Trace Trace ........... . 
Calcium phosphate .. . . • . . . . . . . . . . • .. . . . 0. 17 0. 20 . . . . . . . . . • . . 0. 05 Trace 
Ammonium crenate....... 0. 70 . . • . . • . . . . . . . . • . • . • . . . . . . 1. 22 ......•......••••••• • • • • 
Sodium chloride . . . . . . . . . . 1. 01 0. 11 0.11 0. 44 0. 14 0. 14 
Calcium fluoride : . .. . • . . . . . . . . . . . . . . . . . Trace Trace . . . . . . .. . . . . . . Trace Trace 
.Antimony , . . .. . . . . . . . . . . . . . . . . . . . . . . . . Trace Trace . . . . . . . . . . . . Trace ....... .... . 
Copper . . . . . . . . . . . .. . .. .. . . . . . . . . . . . . .. O. 04 O. 09 . . . . . . . • . . . . 0. 10 ....•....... 
Iron oxicle .. __ .... _ ..... _ . . 4. 86 _ .... __ ....... __ .. _ .............. _ .. 4. 69 ..... - .. . .. .. . . .. . ................ .. -
Arsenic................... ....... .. . . .. Trace Trace ........... . 
Alumina. .......................... 17. -91 ................ 43.95 24.09 ............................. . 
Silica . . .. .. . . .. . . .. . • . . . . . 2. 84 3. 70 3. 13 1. 71 
Trace 
1. 93 
Sulphuric acid . . . . . . . . . . . . 15. 22 3. 83 2. 04 5. 51 
Carllonic acid. .. . . . . . . . . . . 7. 36 . . . . . . . .. . . .. . . . . . . . . . . . . 4. 20 .......••.....•......•.• 
Organic matter . . . . . . . . . . . . . . . . . . . . . . . . Trace Trace 1. 02 Trace Trace 
4. 38 
3. 07 2. 54 
Total .............. . 56. 68 62. 35 61. 77 50. 56 94. 83 27. 09 
Gases. 
.Rockbr~dge Alum Springs. 
Constituents. 
Spring No. 5. Spring No. 6, Spring No. 7. Spring No. 8. Spring No. 9. 
Solids. Grains Grains Grains 
per gallon.• per gallon.• p~rgallon.• 
Sodium sulphate ......... 0. 24 0.18 0. 23 
Calcium sulphate ......... 0. 32 0. 29 3.31 
Lithium sulphate ........ Trace 0. 01 0. 02 )!·1~neRium snlphate .. .. 3.15 2. 65 9. 22 
Potassium sulphate ...... 0. 32 0. 25 0. 27. Aluminium sulphate ..... 11. 20 6. 88 81. 05 Man::ranese sulphate ...... 0.13 0. 31 1. 03 
Iron protosulphate . ...... 0.29 0. 23 0. 52 Iron persulp!Jate ......... 1. 43 1. 84 5.17 Nickel sulpbate .......... 0.10 0.12 0. 46 Cobalt sulphate .......... 0. 08 0. 09 o. 31 Copper 8u.lphate .......... 0.12 0.11 6. 08 Zinc sulphate ............ 0.07 0. 03 0. 61 C:irl mium sulphate ....... Traoe Trace 0. 03 Calcium phosphate ..••••. Trace Trace 0. 01 Soaiuro chloride ..••.•.... 0. 01 0. 01 o. 08 
Calcium HooriW, . ·••···•· 1 Trace Trace Trace Silica. .. ......... : .... 2.00 2. 80 3. 03 S ulpliurie acid ........... 2. 07 2.14 4. 84 O r::ramc matter . ..•.....•• Trace Trace Trace 
Total ......•..•..... 21. 53 17. 94 116. 27 
Gases. 
Oubic inches. Oubic inches. Cubic inches. 
Oxygen . . . . . .. . . .. . . .. . . . 1. 33 1. 27 1. 11 
~itrogen .. . .. . . . . .. . . • . 3. 76 3. 62 3. 19 
Carbon dioxide....... . . . . 11. 22 11. 39 10. 38 





























a A. A. Hayes, analyst. 
b M. B. Hardin, analyst (1873). 
c A. A . .Hayes, analyst (1852). 
d M. B. Hardin, analyst (1872). 
•J. W. Mallet, analyst. 
r J". W. Mallet, analyst (1873.) 




























66 MINERAL SPRINGS OF THE UNITED STATES. (BULL,32, 







Sulphur Alum Spring, 
Spring. 
----------------I 
No. 2 Sul. 
phur Spring. 
Grains Grains Grains Grain8 
Sodium carbonate··························· per gat;t per galJ~~6a per gai~rl .!~~~~l.~-~. 
kt:~~~~1~\i:~~~b~~at~·: ::::::: :::: :::::::: ::: ~:gf ui g;:~ :::: :: : : : : : ::: 
Potassium carbonate . . • . . . • • • • . • . . . • • . . • • • • . o. 74 0. 35 ...................•.•. .. - .• 
Iron carbonate............................... 0.13 0. 07 ..•...........•..... -... • • •· 
~odi?m sulfrhate.. .• • . • . . • . . • • . . • • . . • • • . . . • • . • • • • • • . . . . . . • . . . . • . • . . . . . . . . o. 81 ••••••.••..... 




1 .ii~if '.;::::::_:_:_J; 
Total.................................. 21.28 5.21 ~ 55.8' 
Gases. 
Carbonic aoid . . . . . . . • • . . . . • . . • • . • • • . • • • • . . • . . 10. 40 24. 00 ..••••............ • • • • · • • • · 
Sulphureted hydrogen. . . . • . . . • • • • • . • • . . . . • . . o. 24 . • • . . . . . . . . . . . 0. 91 .....•.....• • • 
Constituents. 
• D. K. Tuttle, analyst (1859). 
Stribling or Augusta Springs. 
No. 3Chalyb• No. 4 Alum No. 5 .Alum 






1t J. L. Campbell, analyst. 
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.Analyses of mineral springs in Virginia-Continued. 
Constituents. 
Rock Roanoke Seven 








Swee~ C~aly beate I Springs: 
Sprmg~: .Alum 
Red Sprmg. Spring. 
__________ , ____ -------- -----1---------1----
Grains 
0rains Grains Parts in per im'T). Grains Grains Grains 
per gall.• per gall.b 100,< gall.if per gall.• per gall.f per gall., 
~ri~1! ~a:~0o~aa~~::::::::::: ,' ~: ~~ .•.. 6: 53 .. :::: :::::: :::::::: :: .... i10·· .. "ia:oo· .......... . 
Magnesium carbonate . . . . . . . . . . . . . . . . . 5. 84 . • • • . • • • • . • . • • • • . . • . • • • • • • . . • . 12. 00 
Lithinm carbonate . . . • • • • . . . . . . . . . . . . . . 0. 02 . • • • • . . • . . . • • . • • • • • . . • • ..•••• . ..••••••. - - • - .••• - - • 
f~~~~~ii~~~t!~-~~~~~ : ::: : ::: :::: :: · :: · 8: g~ ::: : :: : :: : : : :: :::::: :::::::::: · ···s: oii · · · · · · ···· ·· 
c!ffn:i~:h~~~:::::::::::: :::::::::: T~~i: ···1·10._·25·43 •. ·•••••···· ·--~flf ·::::::::: :::::i~:ii 
Calcium sulphate . . . . . . . . . . . . 3. 56 2. 19 
Lithium sulphate . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 0. oi . -••............ ... - . . . . . . . . . . · --- · · · - · -
Magnesium sulphate. . . . . . . . . 12. 89 16. 00 7. 18 4. 00 11. 64 
Potassium sulphate . • . • . . . . . . . . . . . . . . . . 0. 33 0. 06 . • • • • . . • • . . • • . • • • • • • . • • . • • • • • • 0. 29 
trontium sulphate . . . . . . . . . . . . . . . . . . . . 1. 71 Trace ..•.... . ...••..•.. . . --- - . - .. - • • - - - • - - • • · 
triui_n.sulpha1t\ .t"°.. ...... .......... Trace ···is:2~-· :::::::::: :::::::::: :::::::::: ·····34_-4i 
IJ!i1f ii!!illll l!!!i! i ::: !!!! ~~:: :: !! !I ::::::;: )\ :::1:::::: !!!ii!!!!! :::; ::::: 
Lead sulphate . . . . . . . . . . . . . . . . • . . . . . . . . Trace .............••............•. . ... - -.. - . . -• • - • • · · • • 
Sodiuru hyposulphite . . . . . . . . . . . . . . . . • . O. 03 ......... . ..•..................•.•.•.... • • • - • • · · · • 
Ammonium nitrate . . . . . . . . . . . . . . . . . . . . 0. 05 .••••••••.••••••.••..•••.•••••.••.•••••• • - - - • - •.•.• -
Calcium phosRhate . . • . . . . . . . . . . . . . . . . . 0. 03 Trace ..•..................•••••.... • - - - - - . - - • 
Sodium chloride . . . . . . . . . • . . . . • . . . . . . . . O 24 O. 33 . • • • • • • • • . 0. 09 2. 00 0. 29 
~a~fil1ue::~hli;¥£~~~::::::::: .... ~:~~ .. :::::::::: :::::::::: ::::······ i:gi :::::::::: :::::::::: 
Ammonium chloride . . . . . . . . . . . . . . . . . . . o. 02 .••.••.••.•••..••••..••••••••...•..••••••••••• - • - -
Calcium fluoride . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . Trace ...••..•...••... . • . ...•.......... . ••• - -• 
iit!!rtt~I:!:::: i}I[ :'.if ::::rn:: <nr :;)!\\ (l@l \\I 
Organic matter . ............ . ......... . 0.76 0.12 ... ~~:~~ .. :::::::::: :::::::::: ..•.•• ~:~~ 
Water .... . ....................•....... ··········I 42.94 .••...••...••.••..•...•...•••.....•••••• 
Total.. ................. 40-48 -2LTI 99. 76 77. 15 48. 40 50. 00 67. 57 
-------- - -----=====1====1==== 
Gases. Oub. ins. Oub. ins. Oub. ins. Oub. ins. 
C . in 100. per gall. in 100. in 100. 
8 
arbomc acid . . • • . . . . . . . . . . . . . . . . . . . . . . 12. 40 ... . ........••...... , 
nlpbnretecl hydrogen . . . . . . . . . . . . . . . . . 2. 44 .•.•....•..•••••.•.. 
~~~~n: ::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::1 







Oub. ins. Oub. ins. 
in 100. in 100. 
\ M. B. Hardin, analyst (1875). 
•J. W. Mallet, analyst (1875). 
q, W. Mallet, analyst (1878). 
• W. B. Rogers, analyst. 
1Rowelle, analyst. 
•William Gilham, analyst (1859). 
(195) 
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Wolf Trap Yellow Wayland 
Lithia SnlJ?hur Spring. 
------------1--------1--------1---------
Springs. Springs. 
G-rains Grains Grains G-rains G-rains Grains Grains 
. per gall. a per gall. b per gall. 0 per gall. d per gall.• per gall.C per gall.15 
llillt~il!i!! ::11:1 !!!'. :1:111:1:1 !iii! ilii iiii!i!!i! ::~1~:: if ff:~;:: i'.ii:i:!! 
1;~~ ~~~-b~~oa'.t!t.e.: :::::: ::: : :: :::::: :::: ::::::: ::: :::::: :::: : :: ::::::: ··T~~~e·· :::::::::: ······~·.~~ 
Copper carbonate . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . Trace ... -...... • • • • • · • - · • 
Calcium eulpbate .. __ ........ is. 27 · · .... i." 538 · · · · · 5. 47 14. 53 63. 80 
Aluminium sulphate .. _...... 72. 10 137. 8R9 .. .... _... . . . . . . . . . . . . . . . . . . . . 3.18 
Magnesium sulphate .. _...... 2. 31 15. 434 9. 98 ...........•...... -. 21.10 
Lithium sulphate ....... _ .. _ ....... . _. O. 128 ....•.... ... ...••..... -• • • • • • • •··· · · · · · · · ··· · · · · · · ,~i:~~~! s~rrra\~· :::: :::::: .... 2. 09 . ... ~: ~~~- ··••·· ..•.. ···i:as·· . ·· ·o:oi;·· ····o:io"· ······ .... 
Potassium and aluminium 4. 201 ...........•.••..••. • - . - - • • - • • · ·· · · · · · · · ·•·• · · · • ·· 
, sulphate. Sodium and aluminium sul• 3. 867 .............•......... - . • .. • • • · · · · · · · • · · · · .. · · · · · 
tl~J;~ti~t+\ ::::Vi;:: '.'.'.:ti~: /IC :?t :::{}: :/}; :;;:::::;: 
phate. · 
~ ll{l1f ~1%IH }/It :/\I: /Y/ H\l~ '.\i{: ::f J!i III 
Sodium chloride . . . . . . . • ••. • . o. 39 o. 710 . • • . • . . • . • . • • • • • . • . . 2. 68 0. 07 
Calcium chloride ........ .... .•...•.... .......... 3.97 .................... •········· ········· · 
~~fiis:~fiu~~-id~i~~-:::: ::~::: : : : : :::: :: :::::::::: :::: ::: : :: ::::: :': :: : .. T~~~e·· ... . ~·. ~~ .. ······ .... 
Sodium bromide ...•. ..... _ .....••................ _......... . . . . . . . . . . h0. 01 .......... • • - • • • • · · • 
Soda ... ....... . ........ ·.. . . . . . . . . . . . . . . . . . . . . . . . . Trace .•.................. • • • • • · • · · · · · · · · · · · · · 
Lithia . . .. . . . . . . . . ..••.... Trace Trace .............. -.......... • . - • • ···•·· · · ·· ···· · · · · ·· 
Titanic oxide .. . _ . . . _ ................... _........ . . . . . . . . . . . . . . . . . . . . Trace . -....... • · · · · · · · · · · 
~?i~i~:~.e. ~~-~~~-t~~~~~- :::: :: : : :: : : : : : : 2~: ~i~ ::: : :::: :: ::::::: :.: : .... i 02·. -. ~~~~~. · · --· ... · .. 
~~!t~~f~ca~ft::::: :::::::::: ... ~~: ~~ .. ::: ::: : : : : : ::: : : : : : : · ··· 6."92·· ::: : : : : :: : ::: : :::::: :::: ::: : :: 
Organic matter.... . . . . . . . . . . . 1. 75 Trace j...... . . . . . . . . . . . .. Trace 3. 73 · · -- · · · · · · 
Total. . . . . . . . . . . . . . . . . . . 135. 28 I 199. 408 I 23. 71 32. 63 20. 67 104. 98 ~ 
Gases. Cub. ins. Cub. ins. I Oub. ins. Cub. ins. Oub. ins. Dy,;;;:; Oy,b. 0tnl0 · 
in l 00. in 100. in 100. in 100. in 100 in 100. in 1 · 
Carbonic acid .. . . ........... In excess ... _ ...... I...... . . . . 1. 02 • • · • · · · · • · ••• • · · · · .. 
~ulphnreted hydrogen ........... . .... ... ...... · · 1 0.19 O. 25 · ·· · · · · ··· ·•···· · ... 
if!!GJi;;~;~;:::: :::: :: :: :::: :: ::::::::: --··nrr::;:~: i!:H ·-;~ ~:: :::::::::: 
•J'. L. Campbell, analyst (1879). •M. B. Hardin, analyst (1880). 
b C. F. Chancller, analyst (1884). r William Gilham, analyst. 
•W. B. Rogers, a;nalyst (1835). cW. S. C. Taylor, analyst (1883), 
"A.. A.. Hayes, analyst (1852). kWithiodide. 
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WEST VIRGINIA. 
West Virginia is noted for its mineral springs. Berkeley Springs is 
one of the oldest resorts in the United States, the town of Bath, named. 
after the Engiish watering place, having been'laid out in 1'777, while 
Greenbrier White Sulphur Springs, which are so well known through 
out the country, have been used medicinally since 1778 or 1779. The 
best-known springs are in the eastern and southeastern portions of the 
State, especially in the AUeghany Mountains. The western counties 
also have a number of important springs and mineral wells, and when 
the central part of the State becomes better known many springs will 
probably be added to the list. The general characters of the waters 
are like those of Virginia. The springs are thermal and cold, saline 
chalybeate, carbonated, sulphureted, and acid. The saline and sul 
phureted waters yredominate. 
Mineral springs of Wist Virginia. 
N aine and location. 
Alum Spring, 1 mile from Little 
Sewell Mountain, Greenbrier 
County. 
Aurora Highlands Spriug, Aurora, 
Preston Uounty. 
Barger's Springs, Barger's Springs, 
Summers County. 
Berkeley Springs, Berkeley Springs, 
Morgan Uounty. 
Blue Sulphur Springs, Blue Sulphur 
Springs, Greenbrier County. 
Bluisb. \Vhite Sulphur Spring, Ed. 
ray, Pocahontas Connty. 
Borland Mineral Wel( Borland• 
Pleasants Uounty. ' 
Capon Springs, Capon Springs, 
Hampshire County_ 
OJialybeate springs: 
Near Fayette Station, Fayette 
Uounty. 
Near Edray, Pocahontas County. 
Near Brandywine, Pendleton c·o. 
Columbia Sulphur Spring, Colum• 
bia Sulphur Springs, Greenbrier 
County. 
Crimson Springs, Crimson Springs, 
Monroe County. 
Flvling Springs (Blue Sulphur 
Springs), Floding Springs, Cabell 
Conntv. 
Greenb1:ier White Sulphur Springs, 
Whit~ Sulphur Springs, Green-
brier t;Ounty. . 
Green Sulphur Spriogs, Green Sul-
phur Springs, Summers County. 
Grey Sulphur Springs, Peterstown, 
Monroe County. 
Guinn's Spring, near mouth of Lick 
Creek, l<'ayette Uounty. 
Hardy White Sulphur Springs, 14 













Character of the 
water. Remarks. 
Unimproved. 
48 . • • . . . . . . . . . . . . . . . Improved. 
Local resort. 
75 Calcic . . . . . . . . . . Resort. 
46 Sulphureted . . . . Resort prior to the 
war. 
. ............. do ........... Unimproved. 
. . . . . . . . . . . . . . . . . . . . . . . . Alkaline, saline, Local resort. 
sulphnreted. 
. . . . . . . • • • . . . . 54 to 66 Alkaline, car. Used commercially 





Used to small extent 
as a resort. 
.•.•.....................•••••.......•••.• Unimproved; used 
locally for medic• 
inal purposes. 
2 . • • . . . . . . . . . . . . . . . Sulphureted.... Resort. 
1,860+ 62 Calcic, sulphu• Used commercially 
reted, and cha• and as a resort. 
3 . . . . . . . . . . • . . . . . . . Sulphureted, &c. Unimproved. lybeate. I 
2 56 Saline, sulphu• Unimportant now, 
reted. but used as a Te• 
sort prior to 1840. 
. . . . . . . . . . . . . . . . . . . . . . . . Sulphureted ... . 
65 (8to 50 .... do .......... . 
• This locality is taken from Walton. 
(197) 
70 MINERAL SPRINGS OF THE UNITED. STATES. [BtJ'LL.3:. 
Mineral springs of West Virginia-Continued. 
--
,. 






Name and location. .... ~ ~ 




j 0 s ~ ~ E.; 
0 
Hart Well, near Willow Island, ··--- .. ----·-· . ---------- .Alkaline, saline . Resort. Pleasants County. 
Howard's Lick, Howard's Lick ...... .. ·---·-- .............. - ------------····-· Hardy County. ' 
Humphrey's Spring, between Salt ----- .. - .. -... - 50to 60 ..................... Sulphur and Red Sulphur Springs, 
Momoe ,,County. . 
Calcic, saline ... Used commercially. Irondale :Spring, Irondale Furnace, 1 180 45 
Independence, l'reston County. 
Kanawha Saline Spring, Kanawha -----· -------- ........... Saline ••••••..•. Valley. 
Magnesia Sprinl!', near White Sul- ------ .......... ---------· Calcic, saline ... phur Springs, Greenbrier County. 
Mechem's Spr1~, 2milesfromBerke- ------ ............ ........... -----------······· 
ley Srings, organ County. 
Minera Springs, near Clarksburg, -----· ---·---- . ·-· -- .. --- .... ---...... ---- .. Harrison County. 
:Mineral Well, Millhoure Ridge, near 1 ........... ........... -----·······--·-·· 
Muse's Bottom, Jackson County. 
Orrick's Sul~hur Spring, 4 miles from . . .. -.. .......... 58 Sulphureted .••. 
Berkeley prings, Morgan County. 
Used- commercially Parkersburg Miueral Wells, 6 miles 10 40 46 Saline, carbon• 
south of Parkersburg, Mineral ated. and as a resort. 
Wells, Wood County. 
Do. Red Sulphur Springs; Red Sulphur 2 210 51 Sulphureted .... 
Sprinfs, Monroe County, 
Salt Su phur Spricfcs, Salt Sulphur 4 400+ 49to 65½. ... do ........... Do • 
Springs, Monroe ounty. 
'I Shannondale Springs. 5½ · miles from 3 -····--· 55 Saline, chalyb- Resort. Charlestown, Jefferson County. eate. 
Used to some extent Sharpnack't1 Well (()50 feet), P'etro- 1 500 ............... ·····---····-·-·· leum, Ritchie Count:v. as a resort. 
Spa Spring, l ½ miles from Berkeley ------ .. ........ 53 Chalybeate ..... 
S~rngs, ~organ County. 
Su '.JJ ur springs: 
Unimproved . .Near Blue Sulphur Springs, 3 --···-·· -·····-··· .. --------····--·-· Greenbrier County. 
Sweet Springs, Sweet Springs, Mon- 1+4 8,000 79 Calcic .•...••••• Resort. 
roe County. 
Used to some extent Webster Salt Sulphur SErings, Web- 2 .......... ......... Saline, sulphu-
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Analyses of niineral springs in West Virginia. 
Constituents. Berkeley Springs. 
Blue Sulphur Borland 
Springs. Mineral Well. 
Capon Springs. 
Main Spring. BeantySpring. 
Solids. Grains Grains Grains Grains per Grains per 
per gallon. a per gallon. per gallon. b imp. gallon.• i~p. gallon.• 
SodillIIl carbonate.. ...... . . . . • . . . . . . . . • . . • • • • . . . . . . . • . • 77. 80 0. 59 0. 63 
Calclum carbonate . . . . . . . 5. 00 5. 05 8. 75 8. 33 8. 36 
Magnesium carbonate.... ..• . . . . . . . . . • • . 0. 94 1. 86 1. 44 1. 27 Lithium carbonate.. ..... .... .. .. . . . . . . . ... . .. .. • . . . •. . .•••••...•. . •. . Trace Trace 
Manganese carbonate . . . . . . • . . . . . . . . . . . . . . . • . . . • • . . . . . . . • • • • . • . . . . ... . Trace Trace 
~t~E~n,,•::: :\\:) i)): :::::::: ii:;;:: _i__ -- -- -.:: : J. :::::: /?: :::::: :: ?;;: 
Calcimn sulphate . . . . . . . .•..•.......... 46. 55 • •• • •• • • • • • . • . . 0. 59 0. 41 
~~~!~!ms!1;h~t!~::::: ......... ~-- :~ ........... ~·. ~~ .. · ·· · · · · · 22." 62 • · · • • • • • • • • o." i 7 · · · • • • • • · · · · · o." iii 
tti~~!I!~~.~~~~~~.t~. :::::: :::::::: ::: : ::: :::: :: :: : : :: ::: :::::: ::::::::: i~:~: i~:~: 
li~!':l!0;t~:;t~t~·::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ......... o." 23 •..••...• ~~~:~ •....•.•... ~~~:~ 
Earthy phosphates. ...... .•.... .. . .... .. Trace. . ............• ..•... ............•..• •..•••••• 
Calcium silicate... ....... 0. 64 ••••••.••••.••.••••••••••••••.• , ••••••••••••.•.••••••••••••. 
Calcium crenate. .. . . . . . . . 3. 64 . . . • . • . • • • . . • • . . • • • • . • . . . . . . • . . . . • • . . . • • . . . • . . ••••••.••. •••• !~1~;~0~:i;14~:::::::::: i:i~ ·········4.-2i·· ·······240:01·· ·········o:oii·· ······ ·····o:os a cmm chloride . . . . . . . . 0. 21 0. 01 . • . • • . . . . . . . . • . . . . • • . • . • • . . • • • Trace 
tl!~;l!ilil\! :iiiiiiii!illii ::!!:!: ~~::! :::::: :;~J~: :::: :::~~~:: :::::: !!!! 
Total. .......•...••. 10.88 
Gases. 
Oubic inches. 
Carbonic acid . . . . . . . . . . . . 19. 00 
Snlphureted hydrogen ................. . 
Oxygen . . . • . . . . . . . . . . . . . . 16. 60 
Nitrogen . . . . . . . . . . . . . . . . . 64. 30 
Total.. •.........••• 19. 90 
•A.A. Hayes, analyst (1855). 

















::::::::::::::: ········T1il·· ···········i_-iis 
............... 3.68 3.68 
14.00 13.12 
• J. W. Mallett, analyst. 
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Analyses of mineral sprin,qs in West Virgi~ia-Continued. 
ConstituQnts. 
Gases. 
Carbonic acid ..... ......•... 
Sulphureted hydrogen ..... 
iNri~~~·::::::::::::::::::: 
Grey Sulphur Springs. /Greenbrier White Sulphur Springs. 






1. 82 1. 99 e100. 60 129. 66 101. 15 I 82. 80 
Oub. inches. Oub. inches. Oub. in ·hes. Oub. inches. Oub. inches.
1
/ O~~--~~.c~~8-· 
6, 18 6. 54 . .. . . • .•.• .. 11. 28 8.48 .. 
0. 41 o. 20 . . • • . . . . . . . . 0. 24 2. 96 ... --· · • · · 
0. 40 0. 40 . . • . • . . . . . . . 0.48 o. 40 --· --· · · · · · 
3. 00 3. 07 . . . • . . . . • • • . 4. 64 4. 32 . -. · · - · · · · · · 
Total ..........•....•.....................•... ············I 16. 64 16.16 /····--------
• W. B. Rogers, analyst. 
b C. U. Shepard, analyst (1835). 
• .A . .A.. Hayes, analyst (184~). 
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d Undetermined. 
e There are 22.15 gr.ains per gallon. 
I, 
WEST VIRGINIA. 














Solids. Grains Grains in Grains in Grains Gmins per G1·ains 
per gall.• 200 cu. in. b 100 cu. in. b per gall.• imp. gall. d per gall.• 
~al~y:c::~iina::e:::::: :::: 
7Ui u: ······6.-38 .. :::::::::::: ·····22."a1·· ········=··~~ 
tif~:~=a\~~~~~-t~.:: :: :. ri: ~g ...... ~--~~ ..... .. ::·.~~-. :::: :: : : : : :: 1i: ~~ : ::: : : : : :: : : 
::;odium sulphate...... . . . . . . 38. 38 0. 19 15. 54 . . . . . . . . . . . . 1. 20 24. 00 ' 
Calcium sulphate ....................... ············ 8.73 60.42 21.01 ·······1·0·.·o·o· 
:llagnesium sulphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 23 4. 34 12. 06 
~:~i\~~~~t/ ::/)} :+? IL!/ ···.-ill :;)E :::::\t 
~x;::iiwe~fa?~-~t.~ :::::: 24i: ~i ···· ·· o.-46 .. · ·· · · · i 1a· · ···· · · i."aii·· · · · · ·· i."2il· · · ·· · · · ·4i: oo 
f;ri~:~~U:ct1fo~1!~:: ::: :: : .. .' ... ~-.:~ .. :::: :: :::: :: ...... :~~~ .. ::: : : : ::: : :: · ·· · · · i:74 ·· ::~:::: :: : :: 
:Magnesium bromide........ 0. 28 ........•........................... -- • - - - •· · • •· .. • •· • - - • • • • 
Magnesium iodide.......... 0. 02 ..•......... ....... ..... ...•. • -• • • • - -· · · · · · • · · · · · · · · · · · • · • · · 
Lithia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace ........... . 
Iron protoxide ...................... '.. .. ....•• ... .... Trace .......... ..... -•· •·· • .......... • • • • 
Iron peroxide............. .. .......... ...... 0.12 ----- ------- ............... 0.43 -----···•·'"· ~~e.e.8.~ :::::: ::::::: :::: i: ii ...... o."a1·· :::::: :::::: ...... i."44 ........ o.·sil·· :::::: :::::: 
Iodine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . GTrace g Trace Trace 1. 00 
Bromine ........ ................................... ............. : .. ... ,..... Trace .......... . 
S::lphuric acid ...........................................................................•.. -· ..• •·· 
Organic matter ............. Trace Trace hMnch ... . . . . ... .. Trace ........•..• 
Vegetable and volatile sub• 
stances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .•.•. ..... . 8. 24 
Total . ............... . 398. 53 7.11 40.23 96. 76 74. 05 1--84.00 
Carbonic aci~~-s: . . . . . . . . . . . . . . . . . . . . . . . ... -- . .... . . -- • •. • • • • -• · -· - -- · -· · · · 1- -· · ·,· · · -· · .1. 16. 00 
Constituents. 
Salt Sulphur Springs. I \ 
, ___________ · ~ Shannondale Sweet Springs. Re<l Sulphur 
I Springs. Springs. Old Spring. Ioiline Spring. \ · 
Solids. Grains Grains . 
per gallon.b per gallon.i 
Sodium carbonate. ... .. .. . . . . . . . . . . . . . . . 10. Su 
Calcium carbonate . . . . . . . 10. 26 33. 00 
Grains in 100 










4.81 Magnesium carbonate... . 3. 31 7. 00 
Potassium carbonate..... . . . . . . . . . . . . . . . • 2. 33 ............................................• 
Iron carbonate .........•............................... 
Souium sulphate . . . . . . . . . 22. 36 24. 00 
Calcium sulphate . ·. ...... 84. 90 68. 00 
Magnesium sulphate. .... 18. 21 20. 00 
Iron sulphate ......... ...................••••.......... 
Earthy phosphates....... Trace O. 73 
Sodium chloride . . . . . . . . . 1. 58 1. 50 
Galcium chloride . . . . . . . . . 0. 0fi 0. 56 
~agnesium chloride . . . . . 0. 26 O. 28 
Iron peroxide . . . . . . . . . . . . O. 10 1. 06 
.A.lamina........ ........................ 0.18 
Stlica.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 76 












Trnce I o. 8!? 
0.14 \ ·-···· .. ······ 
0.14 ...... ···•···· 
0. 31 ······ .. ··•••• 
0.14 ...... ········ 
0.17 ······ ···••••• 
Trace ...........•.. 




-Organic matter........... 9. 24 ....•...••..... 
----------~-----•-1------1-----
Total. ............. . 
Gases . . 
Carbonic acid ........... . 





172. 48 100. 0 6(). 68 
Ou~ic inches. \ Oubic inches. \ Cubic inches. 
34. 56 Undetermined 88. 00 
19.12 1::rndetermined .............•. 
a S. C. Wells, analyst. 
b W. B . Rogers, analyst. 





• Prof. Breneman, 11,nalyst. 
d Wm. E. A.. .aiken, analyst. 
'With cobalt and nitric acid. 
gWith sodium. 
h With sulphur. 
1 D. Stewart, anal,yst. 
J Dellutts, analyst. 
k .A. • .A.. Hayes, analyst (1842). 
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NORTH CA.ROLIN.A.. 
North Carolina enjoys tbe distinction of being one of the two Sta_t€s 
on the .Atlantic coast that possess hot sptings. U suaJly her minernl 
springs are not different from those occurring along the coast and i] 
the region of the .Appalachians in the neighboring States. .As in Vir-
ginia, chalybeate and sulphureted springs are most numerous. The 
books usually credit the State with four or five localities. The pre -
ent list includes 66, of which a fair proportion are utilized as places of 
resort, while many have well-established local reputations. Seven of 
the springs are used commercially. Analyses are given of 18 springs. 
For a considerable number of these thanks are due to Prof. Charles 
W. Dabrnw, jr., of the State agricultural experiment station. Others 
are taken from Professor Kerr's report on the geology of North Caro-
lina. The greatest part of the information as to the spring localities 
has been derived from direct correspondence with the spring-owners. 
Name and location. 
Mineral springs of North Carolina. 
0 
Character of the 
wat~r. 
Remarks. 
.A.11 Healing Springs, .A.II Healing, 12 3, 800 + 52 to 58 Chalybeate, snl- Resort. 
Gaston Connty. phureted . 
.Alum Spring, near Catharine Lake, 1 90,000 62 Chalybeate, suf-
Onslow Uounty. phur. 
.Alum Spring, Bald Mountain, near ... .......................... - .... - . -. - . - -
Chimney Rock, Rutherford County. 
Bell Spring, Pal merville, Stanly Co . .. 1 ...... ... .................... - --- - - -
Blackwell 's White Sulphur Springs, 4 50+ Sulphureted 
4 miles from .Alexander, Buncombe I ·· · · · · · ·· ·1 · · · · 
County. 
Burke's Chalybeate Springs, near 
clm~r:t:i!liefu!;:is~~:g?~~~;¾a- . --~ - - . - --~~-- :~~~~~ ~ ~ ~ ~ :~:~~: :::::~ :~:~~~ 
rina, Wake Couuty. " 
Ohalybeate springs: 
~;3::u~i11~07:ff~7~~3!s1tt!r:· :::::: :::::::: :::::: :::: :::::: :::::: :::::: 
ough, Anson County. 
West of Sandford, Moore County ...... . .•....•...••........•........... -•• -
One and abalfmiles westofEller- ... . .. . . .. . . . . 60 ...............•.. 
be Springs, Richmond County. 
Near Laurin bnr7, Richmond Co .. . . . . . . . . . . . . • . 62 ..... ............ . 
C Near Shelby, Clevelanu County __ .......... _. _ . .••.......................•. 
harlotte Mineral Spring, Charlotte, . • . . • . . ..........••...............•. --• - • -
Mecklenburg Connty. 
Chatham Mineral Spring, near Pitts- . . . . . . . . . . . . . . . . • • • . . . . . Saline ..•.••.••• -
Do. 






borough, Chatham County. 
Cleveland Mineral Springs, near 
Shelby, Cleveland County. 
Cowhead Spring, 4 miles north of . ........... . 
180 58 Sulphnretod, Beeort. 
chalybeate, &c. 
60 Chalybeate . . . . . Do. 
Washington, Beaufort County. 
Creswcll's Sulp~ur Spring, 2 miles 
D
from Mooresv1lle, Iredell County. 
ennison'sllinoralWell New Berne 
Craven County. ' ' 
Do Il3:rt's Sprin s, near Na.ntahalab 
Swam County. ' 
__ : __ ::: ~: I ::::: :~ :~:~·=~:~::::1 
Do. 
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Mine1·al spring8 of North Carolina-Cont,iuued. 
Name and location. 
Ellendale Chalybeate Spri~gs, Ellen. 
dale, west of Taylorsville, Alex• 
ande>r County. 
Ellerbe Spring, Ellerbe Springs, 
Richmond Countv. 
Eupeptic Spring, i5 miles north of 
Statesville, Iredell County. 
Ewing Springs, Sulphur Springs, 
Montgomery County. 
Glen .Alpine Spring, 10 miles south 
of' Morganton, Burke County. 
Haywood White Sulphur Springs, 
Waynesville, Haywood County. 
Healing Springs, Healin_g Springs, 
Davidson County. 
Henderson Mineral Springs, 1 mile 
from Henderson, Vance County. 
Henson's White Sulphur Spring, 
near Island Ford, Rutherford 
County. 
Jackson Springs, Jackson Springs, 
Moore Countv. 
Jones' White Sulphur and Chalyb• 
eate Springs, 10 miles south of 
Ridgeway and 11 miles from War. 
renton, Warren County. 








































Character of the 
water . Remarks. 
To be nsed commer 
cially in future. 
60 . • • • • • • • • • • • • • • • • • Local resort. 
. .• • • • . • • . Snlphureted . . . . Once a considerable 
· resort. 
65 .. ············-··· 












Snlphureted.... Resort to limited 
extent. 
61 Chalybeate ...•. Resort. 
Was once a resort. 
. • . • . . . . . . . . . . . . • • . . . . . . Chaly beate .... . 
Lawrence's Chalybeate Spring, Mur• 
frees borough, .Hertford County. 
. ...........• ...••••.. .. .... do ........... Unimproved. 
Lemon Springs, Lemon Springs, 2 
miles west of Muon's Mation, 
Moore County. 
7 
59 Chalybeate,&c .• 
Leinster or Poison Springs, 5 miles 
south of Statesville, Iredell County. 
Lewis Sprinir, near Green Hill, Rnth- ........................... •. • • .......... • 
erford County. 
Loudermilk Sulphur Sprinir. 5 miles ...•.. ..........••........•...•...•....... 
west of Taylorsville, .Alexander 
County. 
Mangan us Springs, H mil~s north of 2 ..........•••.. _.. Sulphureted and 
Chapel Hill, Orange Countv. chalybeate. 
McBride's Springs, near Shelby, ................ . .......... - ..... -....... . 
Cleveland County. 
Water is sold to 
some extent and 
the place is a 
small resort. 
Used commercially 
and as a resort. 
Has local reputa 
tion. 
Once a resort; un 
improved at pres--
ent. 
Millstead's .All Healing Mineral 
Spring, near Ellendale, Alexander 
County. 
120 56 •••••••••••••••••• Resort. 
Mineral sp-rings: 
At An~onville. Anson Cou,ty ........................... ······ ·······-···· 
Ten mile.a @outhwest of Wades• ...... ..... ... 60 .••••••.•••••••••• 
borough, Anson County. 
At Haw River, Alam:mceCounty .............•..•••...... Lithia. ..•.••.••. 
At Icard Station, Burke County . . ....•.......•....•••••.••••• 
Seven miles nortbea t of Ashe• .......•..........•.•.•..•••. 
Yille, Buncombe County. 
Near Rock Sprinir, Orange County 2 • • • • • • • • .••••••• _ ••••••••• 
At Gret1nsborougb, Guilford Co . . ....••..................•••• 
Mineral Well, Thomasville. Davidson ......•..•......••• 
County. 
Misenbeimer'sSulphurSprings,near 2 10+ ..••••.... Sulphnretedand 
Copa} Grove, Stanl.v County. chalybeatP>. 
Mishemau's Springt1, near Bilesville, ........................ Chalybeate .... . 
Stanly County. 
Mount Vernon Mineral Springs, 
Mount Vernon Springs, Chatham 
Countv. 
2 
Panacea Sprini;ta, Panacea Springs, 13 3,700 
Halifax County. 58 to 60 
Do. 
Used commercially 
to small extent and 
as a resort. 
Used commercially 
and as a resort. 
Park's Alkaline Mineral Spring, 0 






56 Caloic •••...•••. Used commerciallyr 
and as a local re-
sort. 
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Mineral springs of North Carolina-Continued. 
Name and location. 
'c, 
Character of the 
water. 
Patterson Springs, near Shelby, . . . . . . .. . • . . . . . . .•.••.•...• - - - • • -• - • • • • • • • • 
Cleveland County. 
Piedmont Springs, near Danbury, 2 
65 Cbalybeate ..... Resort. 
_Stokes County. 
Piedmont Springs, Piedmont Springs, 
Burke County. 
2 . . • . • • • . . • .. • • • • . . Sulpbnretedand cbalybeate. 




Rocky River Springs, noar Silver, 
Stanly County. 




. •••••.••. Cbalybeate, &c · / Used commercj_aDY and as a resoru-
County. 
Shaw's Healing Springs,½ mile north 16 
-. . . . . . . . . . ................. I Resort. 
Do. of Littleton, Halifax County. Shocco Si,rings, 5 miles from War- ......................................... . 
renton. Warren County. Saline, carbon-
ated. 
Used commercialll 
to some extent and 
as a resort. Sp'.1rkling Catawba Springs, Spark• hng Catawba Springs, 6 miles from 
Hickory, Catawba Count.v. 
5 60 59 
Stonewall Springs, 6 miles from Gra- ...•.•..........••••..•.....•....... •····· 
barn. Alarnancl'l County. Strader's Mineral Spring, 3 miles . . . . .. . •. . . . . . . .• ••• . . . . Chalybeate . . . . . Unimproved. 
north of Pelham. Caswell County. 
Sue Spring, near Warrenton, Warren ........•......•••...•.. Snlpbureted (1). 
County. Sulphur and Cbalyb1:ate Springs, .....•..•.•....•••••.••....••....••... •· • • 
on.French Broad River, Madison 
Count,y. 
Sulphur Springs. Sulphur Springs, 
Montgomery County. 
Sulphur springs: J Kear Petra Mills, Caldwell Co ....................................... --·· -· 
Near Settle, Iredell County...... 1+ . .... .. . 48 Sulphuretedand Local resorl, 
Five and ~ne-balf miles south- cbalybeate. I R t 
west of Asheville, BuncombA · · ·• · · · · · .. · · · · · · · · • · · · · · · · · · · ··· · · · · ·· · · · 1 esor · 
Count~. Ten miles northwest of Ashe- ............................•...•..... • • • • 
ville, Buncombe County. Warm Sp1-ings, Warm Springs, Madi- 20 .•••..•. 92 to 117 .•••••.••••..••••• 
son County. . Warren White Sulphur Springs 10 ...•• •..•..••..•.•••.•...•••••.•••••.••• •· 
miles from Ridgeway, Wajren 
2 20 40 




White sulphur springs: A;t Ca~awba, CatawbaCouuty . ...........•......•••••.... -················· ... t 
Six miles east of Taylorsville, 1 50 .•••...... Snlphureted ... Used as a reson. :o 
Alexander County. some extent. 
Wilson's White and Red Sulphur .................................... -... • • 
Springs, near Shelby, Cleveland 
County. · Wise's Spring, Murfreesborough, ........................ Cbalybeate ..... Unimproved. 
Hertford County. Ya~kin Mineral Springs, Palmer- ........................ Chalybeate, sul• 
ville, Stanly County. _phureted. 
Do. 
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Solids. Grains Grains per Grains per Grains Grains 
per gallon.a · imp. gallon.b imp. gallon.b per gallon. per gallon. 
Calcium carbonate ................ · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1~·. 57°0 c 1 u~ 
Calcium sulphate . . . . . . . . • . . . . . . . . . . . . . . . . . . 36. 00 .... • ........ . 
Magnesium sulphate .. --· ....... ......... - . . .. ... 4. 53 .. -·· - • - - - . - .. - - .... - - - - - - -- - - • •····· • --- · - •· 
S:1.lpbates ....................................... • • .. • •. • • • ~~!~! : : :·::::::::::: : : : ~:::::: : : : : 
f;j~~8chl~rici~::::: :::::::::: ::::::: ::: : : :: ........ a.-Sii.. d28. 80 ...•...........•... · · • • .•••• 
~ai~r::~h1ii;tc1!~~~:.-.·.·.·:.:::: ::::::: ::::: :: :::::::: :: : ::: :g: fg I:~! :::~ ::::::: ::: 
~~~-s!~. : : : : : : : : : : : : : : : : : : : : ~ ~: i~ : : : : : : : : : : : : : : ~:: : : . : : : ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~: : : 
Iron......................................... Trace ............. .. ..•... · ...... . .........••.•• 
Irono_xide ..................... i •3. 80 ~ .•.•.......... Trace .......................••.•• · .A.lumma . . . . . . . . . . . . . . . . . . . . . . 5 ) Trace Trace . . . . . . . . . . . . . . . .. ......•... • 
Silica.......................... 1.65 '18.97 Trace ........ . ....... ......... .•• 
Chlorine . . . . . . . . . . . . . . . . . . . . . . O. 92 .•.•.•............................ .... .....•..• • ...•... • 
Sulphuric acid . . . . . . . • . . . . . . . . 0. 25 


















Solids. Grains Grains per Grains Grains Grains per 
· per gallon.a imp. gallon.g per gallon.• per gallon.• imp. ga.llon.h 
Calcium carbonate . . . . . . . . . . . . . . . . . . . . .. . . . . 3. 64 . .....................•................... 
Iron carbonate . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 50 
Calcium sulphate. ............. . . . . . . . . . . . . . . 4. 56 ... , ................................•..... 
Sodium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 80 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . 
Soda..... . .. ................... ... ... . . . .. . . . ...•... .. . . . . . . . . . . . . ... . . .. O. 27 .•••••..••.••. ~~:~~~~:::::::::::::::::::::: u~ :::::::::::::: n~ ~:i~ :::::::::::::: 
Iron~xide...... . .............. • 0. 86 5 ..•........... i •0. 92 5 .0.60 .•...•...•.•.• .Alurnma.. ..................... < .............. 5 < 0. 18 ..•..•...••..• 
Silica.......................... 3. 76 . . . . . . . . .. . . . 1. 60 2. 10 .....••....•• _ 
Chlorine. ...................... 0.18 ..•........... 0.37 0.42 .........•.... 
Salphurio acid................. 1. 23 . • . . . . . . . . . . . . 0. 74 o. 12 ..•......•••.• 
Carbonic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32. 22 Large am't .........•.... 
Organic matter...... . . . . . . . . . . 5. 79 ..•.•.....•. , . 1. 79 1. 02 .....•.•...... 
Total. .................. . 13. 05 0. 00 39. 61 6.75 2.50 
Gases. l====t=====i=====l====I==== 
Oubic inches. Oubic inches. Oubic inches. Cubic inches. Cubic inches. 
Carbonic acid . . . . . . . . . . . . • . • • . . . • • . • . . . . . . . . Present . . . . . . . . . . . . . . . . . . . . . . . . . . . . Large am't 
Sulphureted hydrogen . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trac& 
a W. C. Kerr's Geology of North Carolina, 
Vol. 1 (1875). 
b C. W. Dabnoy, jr., analyst. 
• With iodine and magnesia. 
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d With potassium chloride. 
• With alumina. 
'With combined water, &c. 
g C. W. Dabney, jr., analyst (1883), 
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Grains per Grains per Grains Grains Gra · 
Calcium carbonate . . . . . . . . . . . . imp. Yf~~~} • . ~":,~: ~~!~~~: •. . ~~~ ~~.l~~~: ~. . per gat;i/ . ~8:"_ :7_ _ _ _ ... 
-------- --______ _____ ,., 
...... _ .... _. . .- - .. - - - - - 1_'o9 
·······--- .... -. --------- - - i5 
. ----- - . i.-:;i 
-----.. - -- . ------ - - - - - -· 
S' ~mu~a ...................... J d3,48f .............. 0.32 ........ Hf r···. - 0. I,J 
f ii1~tE;,:;{/!!!;!!!!i :!!!!! ! I It Iii!: iii:;;:'.'.:::: jt uu ;f 11 _-_-_-_-_-_-_----I# 














Grains Grains Graini Parts in 0rairu 
Sodium carbonate ............•. ~~
1
: ~.~l~~~:~ .. ~~~ ~.~l~~~:~. per galf.0:S ... 1.'~~~'.~~~: ... ~e:_ ~~:~. 
Sodium sulphate .. . . . . .. .. . . . . 9. 03 8. 90 4. 24 ................ -- .. -- · .. -- · 
Calcium sulphate .. . . . . . .... . .. 40. 88 40. 54 . . . .. .. . .. . . .. .. .. . .. .. . . . .. 17. 56 
i~i~O;'Jium srlEhtate....... . .. J. 846 8. 13 7. 64 ........................ ~: ~ 
• Slllffi SU p a e .. . . . .. .. . . o. 8 o. 47 .......................... .. 
Soluble silicates........................ 8.97 9.54 ....................... . ........................ .. .. .... . .. . . 
Iron crenate .. ..................... _ ... __ . __ ................. __ ... _ .... _ ... 2. 34 ............................. . -- .. • - - • • 
Sodium chloride............... 0. 91 1. 10 2. 46 ............ .. ..... .. · -- -- • • 








.... ·.·•·.•.·.•.·.·.·.·.·.·.· .· i 5. 00 
Calcium chloride . . . . . . . . . . . . . . 10. Jo 8. 94 S 
Potassi~m chloride ............ o. 81 o. bO ••••••••• . .••. •····· • • • • • • • • 
Magnesium .......... . ...... _ ........ _.... ____ ... _ .......... _ ..................... : ~:: ~ ~: ~ : : : : : : 7. 4 . ...... .. .... - .. - - • - · 
Calcium 140 8 ............ .......... .. 
!iitiii./;iiI ;r; 1: ;;;: ·:;;!!;;)I ; /ii !i 1 ! !!! !/i ;;;::; ;}f ;;, :::  :l --D :: ?ti 
Total. -- . .. .. .. .. . . .. .. . 72.12 7& 49 I · 35. 66 I 627. 4 
Gases. i I 
Oubioinchea. Ovbicl~~t:9'
1
.~.b~.~n:_~~ .~~~.~n:!:':.: ..... :.~ .... -~1~1:i~~~t!cliyd~ogei°J.':::::::: 1ng !l.48 .............................. .......... -
: C. W. Dabn~, Jr., analyst. 
0 
W. C. Kerr, Geology of North Carolina (1875). 
· R. L <lou..~, anafyst. 
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4 With ma!!Illll ia nrl combin 
• E . .a.clelmarth, analyst. 
r E. D. mith, analyst. 
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SOUTH CAROLINA. 
Chalybeate springs are said to abound in South Carolina and many 
of them are resorted to locally to a considerable extent. Glenn Springs 
and the Charleston Artesian Well are well known beyond the State 
limits. The latter, with several other artesian wells in the same cit,:y-, 
is thermal, the temperature of the waters being almost high enough to 
class them as Ii:ot. They are said to possess medicinal properties. So 
far as learned, only the Glenn Springs, Garrett Spring, and Chick's 
Springs are at present of commercial importance. The Williamston 
Springs were once a favorite resort. 
Mineral springs of South Ca,·olina. 
~ 







Ambler's Mineral Spring (formerly } 
Griffin's), 7 miles from Pickens 1 
Court-House, Pickens County . 
60 {!g} .................. f !ete~~rt. small scale as 
.Artesian wells: 
Citadel Green, Charleston, Charles-
ton County. 
Commercial Cotton Press, Charles-
ton, Charleston County. 
1 15, 000 99. 5 Alkaline, saline. 
Chisolm's Mill, Charleston, 
Charleston County. 
Coosaw, Beaufort Count_v ....... ~.. . . . . . . . . . . . . . . . ...... . -........ . 
Charleston Old Artesian Well, Charles- 87 Alkaline, saline. 
ton, Charleston County. 
Chaly beate and Aulpbnr springs, near ._ ._ ._ ._ ._ ·_ 1 · .. _ . ___ ._ ._ ._ ._ . . . . . ................ . 
the Saluda RiVfir, Laureus County. 
Cherokee Springs, 8 miles north of 62 Chalybeate, &c. Resort. 
Spartanburg, Spartanburg County. 
Chick's Springs, {.)hick's Springs, 
Greenville County. 
Garrett Spring, ¼ mile from Spartan-




64 Chalybeate ..... 
Glenn Springs, Glenn Springs, Spartan- 2 60 60 Calcic, sulphu-
burg County. reted. 
Kirb~ Springs, 3 miles from Glenn ................................... . 
Resort prior to 1861; 
used commercially 
now. 
Has a local reputation 
as a resort and is used 
commercially to some 
extent. 
Used commercially and 
as a resort. 
Has a local reputation. 
Sprm_gs, Spartanburg County. 
Limestone springs, near Gaffney City, . . . . . . . • • • . . . . 61 Alkaline, car- Once used as a resort, 
2 miles east of Spartanburg, Spartan- bonated. now site of a school. 
bmg County. • 
Love's Springs, 3 miles from Cowpens, ................................... . 
Spartanburg Uouuty . 
.Mineral springs: 
One-fourth mile from Taylor's Sta- . . . • . . . . . . . . . . . . . . Chalybeate . .. ! . Unimproved. 
tion, near Chick's Springs, Green-
ville County. 
Three and one-half miles from Tay- . . . • . • . . . . . . . . . . . . Sulphureted ..• . 
lor's Station, near Chick I s 
Springs, Greenville County. 
At Cowpens Furnace, near Pacolet, ............................•....•.. 
Do. 
8partanburg County. 
At Mineral Springs, Marion Co .... -~-- .......•...... Chalybea.te ..... Resort. 
At Be11neth1ville, Marlbol'Ough Co. ...... . ....... .... ...... ...... ...... Do. 
At base of Henrv's Knob, York Co .................................... . 
SevbD miles from .Abbeville Court ........•........................... 
House, Abbeville County. 
Near Parson's Mountain, Abbe- ...... ......... ... Chalybeate ..... UnimproYed, 
ville Court House, Abbeville Co. 
On Saluda Ri,er, near Pinson's ...•.............. Saline, chalyb-
Ford, Abbeville County. eate. 
Do. 
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Mineral springs of South Carolina- Continued. 
I~ 
Name and location. ~- Character of the 







Mineral Well, 2 miles west of Gaffney ...... 1~ ••••••• 60 ..••..••••.•..••.. Unimproved. 
City, Spartanburg County. 
New Spring, Smiles north of Spartan• .............. 64 Sulphnreted, Hasalocalrepntation. 
p ~urg, ~part3:nl>urg County. . chalybeate, &o 
omsett s Sprmg, Spartanburg County ....................•............... 
Reedy Springs, near Cranesville, Ma• 3 600+ . . . . . • • • . . . . . . . . . . • • • . Resort. 
rion County. 
Seneca Mineral Springs, Senecit, Oco• 2 . . . . . . • . . • • . Chalybeate ...•. 
nee County. 
West.'s Spring, West Springs, Union Co ....... .... ... 65 ..•. do........... Do. 
Williamston Springs, Williamston, .A.n• .•••••.••.•••..••..•••••.••••••••••• 
derson County. 
Wilson's Springs, Spartanburg County .................................... . 
I 
Constituents. 















Grains Grains Grains . Grains Grains Grains 
. per gallon.• per gallon." pe1· gallon. 0 per gallon.0 pergallon.d pergallcn." 
~~~~ ~: f/t~~ib:!:t~ · : : : : : : : : · · · · -· ii: oi3 - _ ..... ~: ~ ~~. : : : : : : : : : : : : ...... ~~~ ~~. . ..... ~~~ :~. I:::::: : : : : : : 
f l~{~!f ~={: .:::::1::: ···••:{t;!,tiC]• •i:/•·• . .U ?I){C:/}j 
Potassium sulphate ........ /. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19. 21 .•..... . .• · 1· .. -• • -• • -· · 
Magnesium sulphate..... . . . . . . . . . . . . . . . 0. 17 13. 88 2. 82 1. 04 -• · - • • · • • 
Potassium nitrate........................... .... .... ....................... 0.80 . .•••••••• •• 
Socl)umnitra~e........... ... ............ 0.55 .•••••.•••.. ...... . .. -····· ······ ········.;·.;i 
Sod mm <:blonde . .. . .. . .. .. . 63. 38 11. 39 •.. .. . .. . . . 136. 88 6. 29 - : 
Potassium chloride . . . . . . . . . . . . . . . . . . . . . . .... _. ... . . . . . . . . . . . . . .. . . . .. . . . . . 1. 9! O. -'· 
.Ma~uesium chloride . . . . . . . . . . . . . . . . . . . . 0. 23 . . . . • . . . . . . . 4. 85 ...•.... - • •· · ·· · · · · ·• · ·• 
Sodium silicate . . . . . . . . . . . . . . . . . . . . . . . . . 2. 52 204. 41 0. 66
1 
I. 82 · ··· · · · · · · · · 
i~~~li{}(~•i;_:;: .... ~iili•1-);:;r;; m;:1'.!} >?}
1 
_;;;;.rt./-/!_) 
Und•~::~ ~... • • •• :: , ····;;; ;;·1···· ·;~·;;· ,~: / ··;;; ~ 1 ·· ··;;_; . . ·:_··· 
•C. U. Shepherd,jr., anal.~at (1868). d F. F. Chisolm, analyst (1879). 
b • T. Rob1nson, analyst {18i9J. e C. U. Shepherd, jr., analyst (1 ). 
e William Robertson, analyst (1880). 
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GEORGIA. 
In the few general works on the mineral springs of the United States 
very little space is given to Georgia. Only five or six localities are 
usually mentioned, whereas there are at least twenty-six that are more 
or less improved as places of resort. J anes's Hand-Book of the State of 
-Oeorgia, published in ' l876, enumerates twenty-three. In the Manual 
of Georgia, 1878, the statement is made that the mineral springs of the 
State are innumerable and in v~riety correspond with the multifarious 
,ores. Our list includes fifty-six, most of them chalyl,eate and sul-
phureted. The best description of Georgia mineral springs is found in 
the pamphlet by Dr. J. R. Duggan, published at Macon in 1881. It 
is confined for the most part to the improved springs and describes 
altogether twenty-eight. The greater part of the analyses given in 
the tables are derived from this pamphlet. 
Mineral springs of Georgia. 
Name and location. Character of the water. 
Angier's Mineral Springs, Atlanta, 3 15 . . . . . . . . . . C a r b u r et e d, 
Fulton County. · chalybeate . 
.Atlanta Mineral Spring, .A.tlar.ta, 1 .................. Sulphureted 
Fu.lt~m ~ounty.. chalybeate. ' 
Beall ~prmg, 8 miles south of War- 1 .60 . . . . . . . . . . . .. do .......... . 
renton, Warren County. 
~ethdsda Spring, Lumpkin County . . .................. '. .... .. ....... _ ....... _. , 
ow en Lithia Springs, 17 miles from . . . . . . . . . . . . . . . • . • . . . . . . Saline ...... . .. . 
Atlanta, Fulton County .. 
Camp's Spring, Atlanta, Fulton 
Countv. 






Cannon's Spring, Toomsborough, 
Wilkinson County. 
Catalytic Springs, ½ mile from Cata-
lytic .1 
1 ........ ······ ... . 
Sul p h ureted, 
. chalybeate. 
Chalybeate . . . .. Unimproved at pres-
ent. 
Catoosa Springs, near Ringgold, Ca-
toosa County. 
·Chalybeate Springs. Chalybeate 
Springs, Meriwether County. 
..... . ··• ···· ·1· ········· ················· 




3 1,500+ ...•.•.... Sulphureted, 
chalybeate. 
1 . . . . . . . . . . . . . . . . . . C a r b o n at e d, Claremonde Chalybeate Spring 
Warthen, Washington Countv. ' 





80 62 Daniel Mineral Spring, Union Point, 
Greene County, near .A.thens, 
Ularke County. 
~oug~tft~•s ~prin1s, Polk County ......................•....... _ ............• 
vFe
1
re d sC:Sprmgs, verett's Springs, . _ .. _ ...•. _ _ _ _ . ___ .. _ .• _ . ___ . __ . ___ .. ____ _ 
Resort and is begin-
ningto be used com. 




Used commercially- . 
and as a resort. 
oy ounty. 
Ferrolithic Spring, .A.thens, Clarke . . . . . . . . . . . . . . . . . . . . . . • . Chalybeate . . . . . Local resort. 
County. · 
:Franklin_ Springs, near Royston, 3 150 60 .... do .. . . . . .. ... Resort. 
Franklm Uounty. 
FupllwoodSprings, near Lime Branch, 7 .•...•...•••••..•. . .•. do ........... Unimproved. 
olk County. 
Garnet Springs, near Toccoa Falls 
Toccoa, Habersham County. ' 
Glenu's Sp1ing, Early County .... .. 
Glen Ella Springs, Tallulah Falls :::::: :::::::: :::::::::: :: :::::::::::::::: 
Tallulah, Rabun Connty. ' 
1+ .................. Saline, chalybe-
ate. 
Local resort. 
1 Taken from Pepper•~ list. Have been unable to verify location. 
Bull. 32-6 (20~) 
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Mineral springs of Georgia-Continued, 
Name and location. 




Gordon Springs, Gordon Springs, 
Whitfield County. 
Gower's Spring, Gainesville, Hall 
0 
.•.•...••.......••••.•.. Chalybeate ..... Unimproved, 
once a r es ort. 
............................ do .. . . .. . . . . . Resort. 
County. 
Heard's 'Spring-, Wilkes Count;}; ..................• : . • • • • • . . . . . . . • • . . . . . . . . . . . . . Do. 
Helicon Springs, .Athens, Clarke 30 ..•..••...••••.•.. Chalybeate ..... Unimproved.. 
County. 
Indian Sprmgs, Indian Springs, 
Butts County. 
Lawrencfl Mineral Springs, near 10 
60 
400 
64 Sulphureted, sa- Resort. 
line. 
607 Chalybeate..... Used locally. 
Menlo, Chattooga County. 
Leggs Springs, near .Jefferson, .Jack- .................•.......... do .......... . 
son County. 
Do. 
Lifse.v's Warm Spring, 5 miles south 500 74 Resort. 
hi 
of _Zebnlon, Pike County. 
Machs<?n Spring, Madison Springs, . . . . . . . . . . . . . . . . . . . • . . . . Chalybeate . . . . . Once used as a r~ 
Malhson County. sort. 
Magnesia Spring, Tallnlah Falls, ....................................•... • • 
Tallulah, Rabun County. 
Magnolia Spring, Plains of Dura, 
Sumter County. . 
Mineral Springs 6 miles southwest 14 .•••.....•••••.•• 
of Newnan, Coweta County. 
3,000 Sulph ureted, Local resort. 
chalybeate. 
Sulphureted, &c Once a resort, but 
now unimpro-ved. 
Mineral springs: 
Near Toccoa, Habersham County. . . . . . . . . . . . . . . . . . . • . . . . . . ...•.......... • • • 
.A~ Clar1!:esvi!]e, Habersham Co ........ . ................. Chalybeate .... . 
Nme miles from Dahlonega, on ............................ do .......... . 
Cleveland road, Lumpkin Co. 
Mount .Airy Springs, Mount .Airy, 
Habersham County. 
New.Holland Spr-hl.irs, 2 miles east of 
...................... do .......... . 
1, 200+ 55 to 70 7 Calcie . . • • • • . . . . Resort. 
Games ville, Hall County. 
Oconee Chalybeate Springs, 10 miles ........................ Chalybeate ..•.. Has a local repnra.--
from Eatonton, Putnam County. tion. 
Oconee Wp.ite Sulphur Sprmg, Bow. 1, • • • • . • • . . • • • • • . • • . Sulphnreted.... Resort. 
dre (6 miles from Gainesville), Hall 
County. 
Ponce de Leon Spring, .Atlanta, Ful. 
ton County. 1 
Porter Spr'in_gs, Porter Springs, 100 
Lumpkin County. 




8001 68 to 70 
150 58 
Chalybeate .... . , Used commercially 
and a<1 a resort. 
Chalybeate, &e. Resort. 
Sul ph ureted, Lol'al resort. 
chalybeate. 
Reel SulphurSpriagF<, Walker County . 
Rt:;aC~n~f;~ngs, Cartennrille, Bar. :::::: :::::::: :::::::::: ·s·i~£~ieii!.e·f 
Springfield Spring.Effingham County .. ..... . ............................... • -- • 
Sulphur springs: 
.At Tallulah F alls, Tallulah, Ra . . ...................... . ................ .. 
bun Count'". 
~ ~~¼~~tfe\Y Co~·~ty:··· ·· · :: :: ·:::::: ::: : :: : : ::: :::: :: :::::::::::: ::::::, 
Half mile east of Zoar, Bulloch ................................. · -- · · · · · · 
r)onntv. 
Thnnderin,g· pring, Thomaston, Up· .. .... . ........................... • • • •· · · · 
son Count v. 
'rrentbam prings, Fairburn, Camp• . .. . . . . . .. . . .. . .. . . . . . .. .. . . . . . . . .. . ..• . • Unimpro.ed. 
bell County. 
Warm pi-ings, Warm prings, Meri• ...... 84,000 70 to 90 
w •ther County. 
Wat on's pring , 11 miles north of 
G~ en borough, Greene County. 
Wb1te ulphnr pring White ul-











al in e, and 
chalyb ate. 
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.AnalyBes of mineral Bprings in Georgia. 
Catoosa Springs. 
Constituent~ 
Angier's Atlanta Camp's Mineral Mineral No. 9. No.I. No.2. 
Springs. Spring. Spring. White 
No.10. All- Red 
Sulphur Buffalo Healing Sweet 
Spring. Spring. Spring. Spring. 
Solids. Grains Grains Grains · Grains Grains Grain11 Grains 
per gall. • per gall. • per gall. • per gall. • per gall. • per gall. • per gall. • 
Sodium carbonate . . . . . . . . . • . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 0. 26 0. 03 0. 25 0. 29 
Potassium carbonate ......... . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 0. 11 0. 01 0. 10 0. 11 
Calcium carbonate . . . . . . . . . . . . . . .. . . . . . Trace 0. 30 3. 85 3. 85 3. 52 3. 98 
:Magnesium carbonate........ . • • . • . . . . . .•. . . . . . . . . . . . . . . . . . 8.40 8. 70 7. 02 7. 94 
Strontium carbonate .. . . • • . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 04 O. 04 O. 04 0. 05 
Lithium carbonate . . • . . • . . . • . . . . . . . . • • . . • • . . . . . . . . . . . . . . . . . · Trace Trace Trace Trace 
Manganese carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 05 O. 02 0. 02 0. 01 0. 02 
Manganese protocarbonate... . . . . . . . . . . . . . . . . . . . . 0. 01 .••..• _ ....•...........•...•........ - ... 
Iron carbonate . . . . . . . . . . . . . • . . . . . . . . . . . . • • • • • . . • . . . . . . . . . • . 0. 28 0. 27 0. 13 0. 1, 
Iron protocarbonate.......... . • • . . . . . . . . . . • • . . . . . 2. 03 .•••••...........................•...••. 
Iron sesquicarbonate......... . . . . . . . . . . . . • • . . . . . . 0. 35 •• • . . . . . . . . . • . . . . . . . . . . . . . . . . . . ........ . 
Sodium sulphate .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . •. . . . . . • . 1. 67 1. 67 1. 50 1. 70 
Potassium sulphate .......... .......... ....•... .. ..•. .. . . . . 2. 32 2. 31 2. 20 2. 49 
Calciumsulphate ..........•.. b2,5 Trace .•. ; ...... 44.81 45.00 38.84 43.86 
iiit~Ji~t::!:::: :::::::::: :::::::::: :::::):: ·in lff 1:ii U 
Ammonium nitrate........... . .• . . . . . . . . •• • . • . . . . . . . . . . . . . . 0. 10 0. 91 0. 12 0. 14 
Sodium chloride.. ............ 4. 0 2. 5 0.13 0. 14 0. 11 0. 13 0. 14 
Calcium chloride . . . . . . . . . • • . . 5. 0 4. 0 0. 12 . • . . • . . . . . . • • . . . . • . . . . • . . . .. . . . ....... . 
tr:tl~i~~Pf!~;dt;::::::::::::: ::::::•:::: .?:~~~-- :::::::::: ····o:oi .. --··o:oi·· ····0:02 0.02 
~:ifil1::iibr~~a!~~~-::::::::: :::::::::: :::::::::: :::::::::: i:~i i:~~ t~~ n~ 
Iron sesquioxide (hydrated).. 12. 5 10. 5 ..•.••.....•.•.•.....•.•...•....................• 
~~f~~s!lif:Jf~ :::::: :::::::: :::::: :::: :::::::::: } 0.43 { :::::: · ·:: ::::::: ::: :::::::::: ::::::·: :: 
Sulphuric acid (free) . . . . • . . . . . . . . . • . . . . •. . . . . . . . . . . • . . . . . . 0.12 0. 13 Trace Trace 
Crenic a~id ·: · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · l 0. 02 0. 01 0. 01 0. 02 0. 02 .A.pocren1c acid ......•................. . ..•....... 5 
Total. ............•..••. 24.0 17.0 3.44 97. 59 . 99.27 83. 07 93. 94 
Gases. 
Oub. ins. Cub. ins. Oub. ins. Cub. ins. Oub. ins. Cub. ins. Cub. ins. 
Carbonic acid ...........••••. Present .••. .• . . .. 2.19 D. 55 9. 78 1.17 1.16 
Hydrogen sulphide........... .•••••.... .•.•...... 0. 47 0. 06 ..••................ . ......•.. 
1----11---~----+--~-1------------
Total. ..................................... . 2. 56 9. 61 9. 78 1.17 1.16 
• Wm. J. Land, analyst. \ With calcium oarbtmate and iron sulpaate. 
(211) 
MINERAL SPRINGS OF THE UNITED STATES. fB ULL. 3?_ 
Analyses 'Jj mineral springs in Georgia-Continued. 




N 4 N 5 No. 8. eat.a 
Choi b. No. 8. 0 • • No. 6. No. 7. Black I Springs. 
e!t! · Cosmetic Ma~ne- Congress Alum h 
Constituents. 
Spring. Spring. Sp':'.g. Spring. Spring. i;;rinr 
Grai'>'1,s Grains Grains Grains Grains GTains 1--;;;;;:;-
per gall.• per gall. a per gall. a per gall. a per gall. a per gall.• p er gall.• 
Sodium carbonate............ O. 26 o. 27 o. 25 0. 26 O. 26 6. 26 






























11 / " • • · • •0_- 76 Calcium carbonate .......... . 
Magnesium carbonate........ 7. 48 7. 5J 8. 10 7. 02 6. 94 7. 50 
ft~~f !:~a~b~t~~:t~-::::::::: T:~g: T~~g! T~~g: Ti~i: T:~i: T:iig: I:::::::::: 
Manganese carbonate . . . . . . . . O. 01 O. 02 O. 02 O. 01 O. 14 Trace · - - · · · - • · · 
Iron carbonate . . . . . . . . . . . . . . . O. 19 o. 15 O. 17 0. 14 O. 16 O. 18 
Iron protocarbonate ................................•.............. - .. • -·· - • • • • · ·· - · - · · - - · 
Iron sesquicarbonate........ . I 
Sodium sulphate .................. i."59. ····i:ao·· .... i:a1·· .... i .. so·· ····i:si·· .... i."59 . . 





©alcim:n sulphate . . . . . . . . . . . . 41. 56 41. 58 41. 57 88. 85 40. 80 40. 98 
~ign~s~um sulphate......... 27. 90 28. 40 28. 02 26. 55 28. 97 28. 01 • -
0 48 ummmm sulphate......... O. 67 2. 36 O. 69 O. 52 1. 10 1. 42 
Strontium sulphate . . . . . . . . . . O. 20 O. 22 o. 22 O. 20 O. 21 0. 19 
Calcium nitrate . . . . . . . . . . . . . . O. 87 O. 41 8. 40 0. 48 O. 85 O. 37 
Ammonium nitrate........... O. 11 o. 12 o. 13 O. 09 O. 10 1. 01 
Sodium chloride.............. 0. 14 O. 13 O. 16 O. 18 O. 18 O. 14 
Silica .... . ...........••..........•.•..... ..•.•.......•........••.•.... ............••....•. 
Calcium fluoride . ............. O. 02 o. 02 o. 02 O. 02 0. 02 O. 02 
Magnesium bromide.... . . . . . . 0. 80 O. 81 o. 81 O. 81 O. 81 O. 29 
Calcium bromide............. 0.12 0.18 0.18 1. 11 0.12 0.18 
Sulphuric acid . . . • . . . • • . . . . . . 0. 01 o. 01 O. 01 O. 01 O. 01 O. 12 
Carbonic acid . . . . . • • . . . . . . • . . . . . . . • . . . . 4. 40 4. 30 4. 89 4. 51 4. 50 
o. 03 
2. 83 
Crenica<:id .. :················ i 0.02 0 02 02 0 01 0.01f ··• ·· •• •·· .Apocremcac1d ..•...•••...... 5 · 0.02 O. · ) 
1 
. •• . • ••.• . 
.... otal................... 87.15 98.18 92. 51 87. 52 91. 99 98. 03 / 5. 80 
~.:;::;::. ":'i:e:::::::: :: : .~'.t~: :::: :: :: :: : ::: :::: :: ::::::: ::: :::::: :::: ::::::::: :/ """JE 
a Wm. J. Land, analyat. 
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..J.nalyses of mineral springs in Georgia-Continued. 
Constituents. J~~i:;1 Franklin 
Spring. Springs. 
Helicon 






Solids. Grains Grains G-1-ains per G-1-ains G-1-ains G-1-ains Grains 
pergall.a pergall.h imp.gall.a pergall.• pergall.d pergall.• pergall.e 
Sodium carbonate........... . ............... 0.96 .................................................... , ........... ----····· ... 
Calcium carbonate ......• ·········· O.~g ······0_- 46-- ···iii."fr .... i5:sii·· ····iss .. :::::::::: Magnesium carbonate .......••. .... •· 0. 4 8_ 09 .•...........•••. _.. o. 06 26. 32 Iron carbonate ...................... - 1. 0 
0 06 Sodium sulphate ........... i 1 53 5 . . . . . . . . . . 0. 18 · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · Potassium sulphate ........ 5 · t . . . . . . . . . . 0. 10 47. 97 27. 32 .. • • • • • • • • • • • • · • • • · • 
C 1 · lphate 86 93 O 06 8. 22 25. 19 57. 22 16. 54 .. · · ••••• -
Maa~~:~!sulph~t;::::::: 6:82 · 0:02 0.07 558.70 572.22 0.56 ······--·· 
Calcium phosphate......... . ... . ... .. . . .. ... ... Trace ................. • •·· ...... • • · · ...... · · · · 
Sodiu~ chlori~e...... ...... 9. 86 O. 58 0.17 .............. • ..... • •· · · · · · · · ··· · .. · · · · 
.A.lkalme chlorides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . • . . .. . . . 0. 62 - . • • ..... -
.Alkaline sulphides. . . . • . . . . . . . . . . . . . . O. 04 . . . . . . . . .. . . . . • . . . . . . . . .. . . . . .. . O. 05 -• • • • • • .. • 
~1~~~~i~~~1d~·-·· ······· ·······--· ·········· ············ :::::::::: :::~:::::: :::::::::: gu~ 
f.~::EI\/% !:)t! I{i/ ::::~ff: \ff I I\!!fo:\q It/ 
Total... . ..... . . . . . . . . 108. 61 4. i2 7. 71 648. 03 672. 62 I 21. 86 156. 88 
Gases. 
I 
Oub. ins. Gub. ins. Oub. ins. Oub. ins; Oub. ins. Cub. ins. 
Carbonic acid . . . . . . . . . . . . . . . . . . . . . . . . 2. 350 5. 97 2. 61 Undeter• 8. 88 
mined. 
i£'f:'.~~t~~:~::::::i:::::::: ::t~\ ··· Jjf :::'.':'.'.} u£i· { :•t ?~:~~;~ 
• H. C. White, analyst. 
b H. C. White, analyst /1882). 
•A.A. Hayes, analyst (1857). 
FLORIDA. 
dJohn Cotting, analyst (1889) . 
• .A.. Means, analyst. 
The springs of Florida are remarkable for their great size rather 
than for the quantity of mineral matter they . contain. Some of the 
streams proceeding from them are large enough to float steamboats. 
Very few of the waters have been analyzed, but so far as known, when 
mineralized, sulphnreted hy<l.rogen charactedzes the m~jority of them. 
Little has been published and definite information is difficult to ob-
tain. Most of the springs in the southern and eastern portions of the 
State would be classified as weak sulphur springs. Iu the northeast-
ern portion of the State the waters appear to ue more frequentl_y cha-
lybeate. Most of the springs of which the temperatures are given are 
probably thermal~ as they doubtless exceed the mean annual tempera. 
ture of their localities. The mean annual temperature of Saint Mark's, 
as given by the Signal Office, is 66°.3 F.; Jacksonville, 69°.2 F.; Pen-
sacola, 68°.5 F.; and Cedar Keys, 710 F.; while Punta Rassa has 730.6 
F. and Key West 77.0 'j F. The temperatures of the Floritla springs 
are remarkably uniform summer ancl winter. They are utilized mainly 
as winter re orts, and, so far as learned, none of the waters is on sale. 
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Name and location. 
Mine,·al spri>:gs of Florida. 




Benson's Salt Spring. Enterprise, Volusia Sulpho-saline . . . Resort. 
Count\V, . 
Blue Spring, Orange City, Volusia County. 73, 920 75 Sulphureted • • . . Unimproved, bul used locally. 
r ir, reenwoo . ac son oun y .................... . l3lue S~ in G d J k c t . . . . . . . . . . . . . . . . . . Local resort. 
Blue pring, near EllavHle, Madison . .. . . . . .. . .. .. . • . • . . Calcic .... -- • -- · 
County. 
Bug Spring, 7 miles east of Sumterville, ................ ... ............ -- • -- .. 
Sumter County. 
Clay Sprin~, near Ap?pka, Orange County.. . .. . . .. .. . . .. . . .. .. . Sulphureted .... 
Crystal River Sprmgs, Crystal River, 1 . .. . .. . .. . 60 .............. -- -- · 
Hernando Uountv. 
De B:3-riC·y Mineral Spring, Enterprise, Vo- .................... Sulphureted .. .. 
!usu:. ountv. 
Green Cove Spring, G.reen Covt1 Springs, 3,000 78 .... do . . . . . .•• ••. Resort. 
Clay County. 
Hampton Springs, Taylor County ............................. • .......... -- • • • --
Hoosier Spring, near .Altamonte Station, . . . . . . . . . . . . . . . . . . . . Sulphureted ... • 
Orange County. 
H enson Spring-, 'Enterprise, Volusia County . ........................ ... ....... •• 
Linwood Springs, Mount Royal, Putnam · 3 74½ .Alkaline, saline, 
County. and carbonated. 
Magnesia Spring, near Hawthorn, .A.Ia. . ............................. --- -- • .. 
chua County. 
Mineral springs: 
m:~ t;~1t~};1~t~~~~;::rf:::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : = =: 
Moncrief Spring, 5 miles from Jackson• .... ........... 72 ................ .. 
ville, Duval County. 
MNount Royal Springs, Volusia County.... . .. . . ......... 70 
ewport Sulphur :Springs, near Sain't 4 . •• .. • .. .. 70 
Mark's, Wakulla Countv. 
5,055,000 73 Orange Spring, Orange Springs, :Marion 
Connty. 
Rock Spring, 6 miles north of .Apopka, ... ........... . .... . 








S~lt Spring~, Marion County.............. 6 148,000 60 Saline . .. . ... • .. Used locally. 
S1g
0
et~nt~~rmg, Silver Springs, Marion ...... .... . ... •·····i------ ...... ······ 
Ste'.enson•~ Sulphur Sprio,gs, .A.nclote 2+ ... .... ... ...... . ........ ......... Unimproved, 
River, 12 miles from mouth Hernando 
Coontr. ' 
Sulpl~itr Rprinr,s: 
Near ~umtcrville, Sumter Connty . . ... 7+ ................................ .. 
On W1tblacoocheeRiver, l0milesfrom 1 ...................... ........... . 
Do. 
Ul'ystal River, Ilernando County. 
Near Adamsville, Sumter County .. ... 3 ............................ --···· 
N ear Tampa, Hill berough Coun·tv ... . . ............. ······ ..................... . 
Sul!lter':llle Mineral pring, near Sumter• 
1~~~•n~~m~~~:s~s1~annee, uwannee . ... :::::::::: .-::::: .-:::::::::::::::J Resort. 
Coun ty. 
borou:zh Coum;r. 
0 Tarpon , prin'?il, Tarpon Sprinrr , Hills• 13 
Turner , 'prin~. Iiolm 1-1, Holmes County... 1 
Waknll .1 , prm~. Wakulla prin", \Va• 1 
.. • .. .. .. . 70 Sulphureted .• --1 




knll. Count,. 0 
Wc~'.~nt:~riu,;, near Sumterville, Sumter ........................ do ........... Unimproved. 
"\Ve. ?"'11 Iron prinl?, 3 mile from White 1 7,500 73 Cbahbeat .. • • •, Resort-
. ~rmi;rs, II milton Countv. • 
Whit . 'nlpbur 'prin •?, White prings 1,200,000 72 Sulphureted --·· Do. 
H milton ow.ty. ' 
I 
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.Analyses of rnineral springs in Flotida. 
Constituents. Linwood White Sulphur Wesson's Iron Benson's Salt Springs. Spring. Spring. Spring. 
Grailns Parts in Grains Grains 
per gallon.a 1,000,000.h per gallon.• per gallon.d 
~~~:~: b!~~ib:~:~· ~::~ ::: :::::::::: :::::: ::: : : : : :: : ·- __ .. ----~~--~~. :::::: :::: :: : : : : ··-- -- ······a: 6i 
~:}~!~: b!~~;{::J:t~::::: :::::: :::: :: :::::: :::: :: : : : : .......... ~~:~~. ······ ..... ~--~~ ............. 9.-88 
Iron carbonate . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . • • • . . . . . . 1. 98 ...•.•........•. 
Iron bicarbonate . . . . . . . . . . . . . . . . . . . . 9. GO .................••... ..............•... ...... • • 
.Sodium sulphate. _........... . . . . . . . . 52. 80 .•••...• ~·...... 2. 45 5. 83 
Maguesium sulphate................. 67. 20 25. 53 2. 63 26. 84 
if°;;~~;~:i:b\~~:~~~"ato: :::~:: ::: : :: :::::::: :: :::::: ::: : : : : : : : : :: : : : :::: :: : : :: :::: :: :: tt 
·Sodium chloride . . . . . . . . . . . . . . . . . . . . . 113. 60 11. 23 0. 18 238. 24 
t0;;~:~~:mc~it1~~ ::::: .-: :::::::: :: ...... ··~·24:so· .......... ~~:~~ ............ ~-.~~ . .. .... -.... ii." 90 
Calcium chloride .... .. .. . . . .. . . .. . .. 42. 40 .. .. . . . .. . . .. . . . . . . . ... . . .. .. .. . 40. 58 
Phosphoric acid _..... ............... . . . . . . . . . . . . . . . . Trace . . . . . . . . .. . . . . . . Trace 
Sodium iodide. ...................... Trace ......................... ...... - .. •. •· • • • • • • • • • 
Lithium and ammonia............... ......... .... .. ...... ...... .. . . Trace ............... . 
£~!!~'.~ -~-~t_t~.~: :: : :::: :: : : : :: : : : : : :: .••... __ --~~-. ~~- ..... ..• --~~: ~~ - J 1. 54 i : ::: :: :::: ::: : :: 
Silica . . ...... ...... ... ............. _ Trace _ . . . . . . . • . _ . . . . . . . . . . . . . . . . . 1. 58 
Silica.soluble........................................ 14.40 1.27 ............... . 
Sulphu1;'eted hydrogen . ......... . ......... . .. .. .... _ Present .... .. .... ... .. . Not estimated 
fi':~~~~riii~: :::::: ::: : : : : : : : :::: :: :::::: :::: ::: :: : ........... ~·. ~~. :::: :: ::: ::::::: } o. 43 
Total ..............••.......... 
•A. Connell, analyst <1876). 
bN. A. Pratt, analyst. 
324. 80 186. 61 10. 45 1 350. 23 
• A. Merrill, analyst. 
d Charles M. Stillwell, analyst (1880). 
SOUTHERN CENTRAL STATES. 
In the Southern Central States sulphureted and chalybeate springs 
b.old about the same proportion to the whole number of springs as in 
the South .Atlantic States. The number of saline springs, however, is 
increased and the thermal springs naturally are fewer in number. .A 
large part of the area of this division is occupied by comparatively 
recent formations; yet, in the northeastern part and in the western, 
carboniferous rocks, with the underlying sedimentaries, are well de• 
veloped, and these rocks are almost al ways prolific in mineral springs. 
·The Hot Springs of .Arkansas are the most prominent of the thermal 
springs. It must be stated here that the returns from the various 
States, in answer to the questions sent out, are very unequal both as to 
the extent aud the exactness of the information conveyed. In some 
States (as KentuGky, Tennessee, Alabama, and Arkansas) the geo• 
logical surveys of the State appear to have paid considerable attention 
to the subject, and the general public attention has therefore been 
turned more to the subject and data are more readily obtained. 
In Mississippi and especially in · Louisiana it has been more difficult 
to get definite information. No geological surveys of these States have 
been made very recently. Both States, however, have many springs of 
excellent mineral water. 
Texas is being so rapidly developed as to its ·resources and so many 
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portions of the State are being newly settled that our list for that State 
will doubtless be considerably increased in the near future. 
In regard to the springs utilized as places of resort and for commer-
. cial purposes, the Southern Central States compare favorably with thfr 
Southern Atlantic States. 
Surnrnary for the Southern Central States. 
Number of Number of Number of Nu 1;l be r _or' Nu~ber of Totalnum-
spring lo- individual springs ~prmgs util- 1 spnngsu~ed I ,.berofan. States. 
calities. springs. analyzed. izecl as re- commercial- I alyses. 
sorts. ly . 
.Alabama ....•••.. 82 22() ]8 . 22 It 
Mississippi ...... . 82 110 ' 4 13 4 
Tennessee .... ·_ .. . 177 311 24 62 8 
Kentucky ....... . 142 296 73 21 
.Arkansas ........ . 108 459 5 24 4 
Indian Territory .. 10 15 0 
Louisiana ........ . 
Texas .•.......... 
Total ........ . 
15 
28 1 
0 6 0 
105 472 13 25 8 
721 I 1,911 I 137 ----1741 00 
ALABAMA. 
Although but few of the Alabama mineral waters are used commer-
cially, there are many springs that are import.ant as places of resort 
and several are quite well known throughout the country at large. 
Bladen Springs, Bailey Springs, and Blount Springs are the ones gen· 
erally noted in the books. The following list is made up partly from 
data contained in the geological reports of M. Tuomey and of Eugen 
A. Smith, but a great many localities have been added as the re ult 
correspondence with persons in all parts of the State. Ohal,vbeate an 
sulphureted springs are most numerous and are not confined to au. 
portion of the State nor to one geological formation. Two of th b 
known sulphur springs - Bladon and Tallahatta - rise jn the Terti 
while Blount Springs, equally well known, and al o sulphureted are i" 
the Coal Measures. Sulphur springs al o abound in the northern con 
ties, who 'e rocks belong to the Subcarboniferou limestone . Art i 
wells are said to be numerous in the region underlahl by the rotten Ii 
stone of the Cretaceous. Such well are u ually highly charged 
alts of iron, lime, magnesia, and oda. Comparatively fe vv of th 
bama pring havi? been analyzed. The analy e pre . ented her ba 
been tak n froIL variou ource . Thank are du to Prof. W. . tn 
tate hemi t, who ha furni bed many of them. 
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Mineral springs of Alabama .. 
Name and location. 
Bailey Springs, Bailey Springs, Lau• 
derdale-County. 





































. . . . . . . . . . . . . • . . . . Sulphureted .... Blount Spring, nea.r Bigbee, Wash• 
ington County. 
Blount Mineral Springs, Blount 5 900 60 Saline, sulphu-








Blue Grass Sulphur Springs, Cor- 80+ ..........•....... Sulphureterland 
nelia, Saint Clair County. chalybeate. Unimproved. 
Borden Springs. Borden Springs, ............. ... ..................... -• • • • 
Cleburne County. 
Do. 
Bowie Springs, near Talladei!a, Tal- . .. . . . . . . . . • . . ..•.••.... Chalybeate ..... 
ladega County. 
Do. 
Burning Spring, Washington County. 
Butler Springs, Butler Springs, But- .. 7 .. ···206 .. ··60fu65. :::::: :::::: :::::: Usecl as a resort •. 
ler Count.:,. Unimprovecl Carmon's Spring, near Fayette Court- ...•...............•.....•..••......... • • -
House, Fayette County. 
Ohalybeate springs: • . 
:Near Akr n Junction, Hale Co . . . . . . . . . . . • • . . . . . . . . . • . . • . Chaly beate ..... 
Near Claiborne, Monroe County .............••.......•....... do ..•••••... . 
Six miles southwest of Green ..................... . ...•.. do •.••... . .. . 
f::prh,e:s, Hale County. 
Near Gum Spring, Blount ........•. . .• .. ......... .•.. do .... , ..... . 
County. 
Six miles north of Jacksonville, ...•..... ; . • . . . .. . . • . . • . Chalybeate and 
Calhoun County. sulphureted. 
Near Jasper, Waiker County.... 6 ... . ... ......................... .. . 







Chandler's Sprinirs. Chandler . . . . . . . . . . . . . . . . . . . . . . . . Chalybeate.... . Usef1 as a resort .. 
Springs, TalJ;:tdega County. 
Cliff Springi;, 8 miles northwest of ........... , . . ..........••. do ......... . 
.Ashville, Sain t Clair County. 
Coffee Spring:, Coffee Spl'ings, Ge-
neva County. · 
Cook's Springs, 20miles southwest of ................•....... 
Ashville, or 5 miles from Wolf 
Creek, Saint Clair County. 





Cullum's Springs, , near Bladen 
Springs, Choctaw Cotmty. 
3 600 60 Saline, cbalybe- Usecl i;ommercially. 
ate, aml sul- and as a resort. 
phureted. 
D!fi!esb~~J\~~-near Elkmont, Lime- 2 20 . ...... _.. . . . . . . . . . . . . . . . . . . Unimproved. 
~f/?avis'~ Spring, Wa)ke
1
r Coul!tY.. . . . . . . . . . . . . . . . • •. . . . . . . Chal_ybeate..... Do. 
1s s Sprmg, near Prides Station, . ..... . ................ .. ... clo . . .. . . . .. . . Used locally. 
Colbert County. 
Franklin Springs, near Russellville, . . . . . . . . . . . . . . . .. . . . . . . . Saline, chalybe-
Franklin County. ate. 
Golden Springs, near Oxford, Cal- 7 .••••••.•••••• •••. Saline . . . .. . .. .. Unimprovccl. 
houn County. 
3,100 
Gn•ene Springs, Green Springs, Hale 
County. 
Harrell or Chalybeat11 Springs, near .......•••.... 
Blount Springs, Bh,unt County. 
Healing Springs, Healing Springs, 
63 to 64 Chalybeate ..... Once used as a ra.-
sort. 
58 •••• do . . . . .. . . . . . Partially improved. 
62 to 65 Wa. hington County. 
Howt-U's Sprin1r, 30 miles south of .. . . . . . . . . . . . . . . . . . . . . . . Sulpbureted .... 
Used commercially: 
and as a resort. 
Waterloo, Lauderdale County. 
-Jackson Springs, Jackson, dlarke ..•... .... .. ......•..... .•. clo ........... Used locally. County. 
8 Jenkins' s Springs, near Mountain 
Meailow, Clay County. 
Jo~~~~:~ 'ci!~!t~~ar Meridian ville, ......................................... . 
Lansford Spring, near Florence, ..•............•••••.... Saline .•••....... 
Lauderdale County. 
Chalybeate .. . : . 
Do. 
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Mineral springs of Alabama-Cont.inned. 
tti "" ~ Cl) bl) i:i. 
-~ iii ~ s::i q) i::i. 
iii ~~ i Character of the .... Remarks. Name and location. 0 bL] water. 
!is "" .a Cl) 
1 I:=: 
A s .s Cl) 
~ R E-. 
0 
Lay's Springs, 6 miles east of Green• 4, . . . • • • . . . • . . . . . . . Chalybeate and Has a local repnta-
wood, Etowah County. sulphureted. tion as 1-esort. 
Lee's Sprin?:, near Florence, Lauder- ..•... . .....•..••••.. - -... - - - - --- - • • • • • • • · 
dale County. Ligon's Springs, Colbert Co., 5 miles ..••................. - . - .. - • -- • --• • • • • • · • · 
from Russellville. 
Livingston Artesian Well, Living-
. s~on, Sumter County. 
.Ma.1or Shever Sulphur Springs, near 
50 68 Saline . . . . . . . . . . Resort. 
....................... Sulphureted.... Once had a local rep-utation . 
. Jasper, Walker County. .McCorkle's Spring, 12 miles north . . . . . . . . . . . . . . . • • • • • . • . . Chalybeate ..... 
of Waterloo, Lauderdale County. 75+ 47 to 52 Sulphureted . . . . Is a resort. 
3 Milh~ur /or Wooley's) Springs, Wool-
ey Sprmgs, Limestone County . 
. Mineral springs: 
~::~i:~~rcJ:~e~:~a~t:1;b~::· :::::: :::::::: :::::::::: ::::1~ ::::::::::: Unt:f°ved. f 
SixmilessouthofStateline,Lime- ...................•........ do....... . ... Do. 7 
stone County. Near La Fayette, Chambers Co ..........•..........•.••........•.......... 
Near Saint St,epbens, Washing- ......................•...••...••••....... 
ton Coµnty. 
Near Village Springs, Blount 5 .......... ·········· ..................... .. 
County. 
t!!rff::af.r~:k~:~n~~!l; ~~: :::::: :::::::: :::::::::: :::::::::::::::::: 
One mile from Coosada Station, ............. . .•.••...•..•................ 
Elmore County . 
. Moore's Springs. Maple Creek, near . • • • . . . • • • . . . . . . • • • • . . . . Sulphureted .... 






Once a resort . Athens, Limestone County. 
·Newsom's Springs, 9 miles south of 
Barton, Celbert County. Pettusville Springs, Pottnsville, . . . . . . . . . . . . . . . . . • • • . . • . . . . . . . . . . . . . . . . . . . Unimproved. 
5 .•••••••••.•••••.••••..•.••. Used commercially. Limestone Countv. 
Roper Mineral Wells, Greenville, 
Butler County. 
Shelby Springs, near Knight, Shelby 
County. Shocco Springs, near Talladega, Tai- . . • . . . . . . . . . . . . • . . • . . . . . Chalybeate and 
, Jadega County. sulphureted. 
Speakses Springs, near Bulger's ........•......•.•••................... ... 
Mil1, Tallapoosa County. Stephenson 's ::iprin;rs, n ear Camp ..•............•.•........................ 
Spr:ng. Lawrence County. 
Stewart's Sprini:rs, near ·Florence, 
Landerclale County. Sullivan's M.im,ml Springs, near 10 . . . . . . . . . . . . . . . . . . Chalybeate ..... 
2 
7 
4 80 Saline . .....•... 
Resort. 
Once a resort, bo 
now unimproved. 





Bigbee, Washington County. 
Sulphur sprin(JS: Onemilefrom Frankfort, Frank- ..••.•..•................................. Unimproved. 
lin County. Near Bruner, Cal hon County.... .•.... . . . . . . . . .....•.... . .• ..••... .. . .. . .. Do. 
Eleven miles from Ashville, St. • ••••• .. ..... . ......••...••.••.••..... .... Resort. 
Clair Connty. Fonr miles from Springville, St. . .....•••• .. ...•••••.....••.......... -- - - • 
Clair County. 
even miles east of Steven. on, .......•• •..•........•.. ............... - -• 
Jackson Count:,. 
On nlphur CrE-ek, near .A.thf!n ............... ..... ....... ......... . -. - --
Limestone Countv. ' Sulphur Sprin_g8, ulphur prings, . . . . . . . . . . . . . . . • . • • • . . . . . . . . . . . . . . . . . . . . . . Local re ort. 
De Kan, Countv. 
Ta!ladE-ga .. ul,J!irnr pring, near 
]n~· ttenll<•, lalladcga Connty. 
Tallabatta . pl'iug- , 1'allaba.tta. 
J)l'ID!?I!, 'lark County. Tar • piing. O milPa south of Oak- . ••• • • • •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Unimpro\" 
vi!l , ~ ,nvrenc.: County. 
Tar pnog , mil outh of Dick-
on, olb rt County. 
1 
2 
. . . . . . . . . . . • . . . . . . Solphureted . . . . Re ort. 
24 .......... .................. Do. 
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Taylor's Springs, 1 mile from Flor· 4 8() ·······--· Alkaline ........ ence, near Centre Star, Lauderdale -County. 
'Tecumseh Sulphur and Chalybeate ·----- ........ .......... ·····-··-··----··· U niroproved. Springs, Tecumseh, Cherokee 
County. · 
Do. 1'odd Spring, near Bailey Springs, ...... ........ ··-·-··-·· .............. .... Lauderdale Countv. 
-Valhermosa Sp1'in~s, Valhermosa ··---- .... ... ........... ................... Resort . Springs, .Morgan County. 
Used locally. Waterloo Mineral Spring, 1 mile ....... ......... ........... Chalybeatef .... 
from Waterloo, Lauderdale County. 
Unimproved f West's Mineral Spring, Walker ······ ........ ........... .... do ........... County. 
White Sulphur Springs, near Elk- ....... ........ ........... ·················· Do . mont, Limestone County. 
White ::5ulphur Springs, 6 miles east 21 .......... ...... . .. Chalybeate and Used commercially 
of Jacksonville, Calhoun County. sulph-g.reted. and as a local re-
sort. 
Witherspoon Spring, near Florence, ·----- .......... ·······-·· ···········--·---· Lauderdale County. 
Wyndham Springs, near Oregonia, ...... ....... . .......... Chalybeate and Once a resort. 
Tuscaloosa Collilty. sulphureted. 
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Constituents. 
Analyses of mineral springs in Alabama. 





Solida. Graina Grains Grains G-raiM 
per gallon.• per gallon.• pe:r gallon.• per gaUon• 
Sodinm carbonate ......•.... , .... _...... 46. 33 41. 21 34. 93 3:.?.!9 
Magnesium carbonate . . . . . . . . . . • . . • . . . . . o. 29 o. 61 0. 65 1.36 
fr~ii~:b~~~t~n~·t·e·:::::::::::::::::::::: gjz ~J: ~:~: ~: 
fr~iiu~ iulrate........ . . . . . . . . . . . . . . . . 2. 25 2. 79 2. 96 • - ••.•• . - · · o."ii 
f l~t±!fif ff!!fff ff !!ff f !f f!f J! !f !!if !!\it! }!!!I: lf  !; Ef !!Alf!: ----------.fJ 
C Total ..... -~~~:-·................ (J_,., ,:.:. Oubi, ,:::.. I Ou/M ,::::.. I' Oubic inc:."' 
arbonic acid............................ 65. 44 59. 20 52. 88 32. 56-
~~~~~~~t~~ ~~~~~~~~::::_· :::::::::: ::: : •••• · ••· ·i:e4·· ····· · :· · i."s4 ·· f: ~: : : : : : : : : : : ::::: 












Solids. Grains Grains Grains Grains 
Sodium carbonate ........................ :~~.~~!:0.~·.°.. per gai~~; per grii~~~; . _ !1_~~ 1:r:_z~: .. 
Sodium bicarbonate .................... { 65. 40 f ........ 1.1 .. 28 . . . ·.·.·.·.·.·.·.· .·.·.-.·.·.·.· .·.·.·.·.·.· .·.·::::::: Potassium bicarbonate . .....•. _ .......... 5 ~ 
Magnesium bicarbonate .. _ ... ., ........ ~ 6. 49 f 1. 64 . . • . . .... •.•... 2. 32()-Calcium bicarbonate . ..... __ ............. 5 ~ 1. 60 ..•.•..... __ .•. 7. 140 
Iron bicarbonate......................... o. 37 . . • . . •• .• .. ... . 9. 640 0. 204-





¥o~~fs1~~l~~.i~~icie:: :: :::::: :::: :::::::: :::::::: :·::~:: ::::: :::: :::::: y··· ···~ ·~;~·f 0. 3~~ 
Sodmm .chlonde . . . . . . . . . . . . . . . . . . . . . . . . 4. 54 t 
6 53 
5 5 · ~ 295. 43.:> 
Magncsmmchloride .... .........•............... ..... .. 5 · i 0.520 1.83!>-
···· ······--···--- · 
Total . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 84. 83 85. 62 15. 823 312. 554--
. Gases. <Jubic inches. aubl: inchu. Otibic inchu. <Jubic ·nchu. _ 
~i!i~~}E~:hind~it~f~~~~~::::::::::::: :: :: : : ~~~;:: :::: :: : :~t~~~~: :::::::::.:::: ::/· ........ ~;.~;~ 
Total................ . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 97. 10 .............. · I 30. 7 
•J. L. and W. P. Riddel], analysts. b R. T. Brnm by, analy t. • abequiu. analy t (1 !'>3). 
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Analyses of mineral springs in .Alabama-Continued. 
Blo11Dt Mineral Springs. 
Constituents. 
No. 1. Red Spring. Sweet Spring. Spring No. 4. 
Solids. Grains Grains Grains Grains 
per gall.on.• per gallon.b per gallon.a per gallon.< 
1da1<nesium carbonate . . • . . . . . . . • • . . . . . . . 4. 40 3. 67 3. 60 9. 40 
Calcium carbonate....................... 6. 80 7. 23 4. 48 5. 72 
Barium carbonate ..........................•.......................... . ......... . . -- . O. 91 
Iron carbonatA .......... •. . . . . . • .. . . . . . . . 1. 92 . •. . . . . . . . . . . . 1.12 a. 19 
f ;lilili~tll?III/ ::::::::::n;: :::;;:;;;::;~; :::;;;:::tr :::::::::~~t 
Sodium chloride . . . . . . • . • . . . . . . • . . • • • • • • . 32. 32 29. 86 30. 88 23. 21 
Ma~nesium chloride..................... 6. 00 0. 78 . . •• • • •• • . . ••.. 2. 04 
Iodides . . . . . . . . . . . . . . • . . . • • • • • . . . . • . • • • . . • • • . . . . • . . . . . . • Trace ....•....•...... . . . ...... . .... 
~!i~::~~! ~0r~~fd;::::::::::::::::::::: ::::::: ::: : ::: : ::: : :: : : :: : :: : : : ::::::: ::: : ::: i: i~ 
Lithium . . . . . . . . . . . . . . • • • • • . • • • • • . • • . . • . . . • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . Trace 
~fa1:~~::::::::::::::::::::~::::::::::: ::::::::::: ::: : } d:: ~~ t :::::::::::: ........ _ ~~~~; 
Total .......•••...••..•.•.•.•...•.. 53. o4 I 47. 78 42.48 
Gcuea. Oubic inches. Oubic inches. Oubic inches. 
•Carbonic acid............................ 6. 00 . ....... .. . . . . . 6. 00 
Snlphureted hydrogen................... 14. 96 . . . . . . . . . . . . . . . 12. 56 
&flr~:~~·:::: ::::::::::::_:: :::::: :: ::: ::: :::: :: : : :; : :: : . : ::::: ~:::::::: : :::: :: : :: : : ::: 













Sodium carbonate........................ per gal~2~;2 _ -~~~-~~~Z-~~:
0
• __ .!~~-~~~~~:< .. ~~~~~ ~~-~•-~~~-~ 
Potassium carbonate ...••. .•.. .. . . . .. . . . 7. 99 .............. . ..•.••....................... . 






Carbonic anhydride....................... ..••.... .. . . . . . 21. 58 10. 50 ........ ?~~~~ 
Sulphuric oxide.......................... . •• . . . . . . . . . . . . 315. 85 39. 45 ...•...... . ... . 




Oubic inches. Oubic inches. Oubic inches. 
8ulphureted hydrogen ..•••••.••.. ••...•. 
• R. Brumby analyst. 
·" Henry Leifmann, analyst. 
• W. C. Stubb", analvat. 
'With phosphates. • 
(221) 
• Summers, analyst. 
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Analyses of mineral springs in Alabama-Continued. 
Taylor's Springs. 
Constituents. 
Spring No. 1. Spring No. 2. Spring No. 3. 
Total. ............. __ ..... _ ....••• _ .............. . 
I 
3. 82 



































The mineral springs of Mississippi are numerous, and, like those of 
the neigh boring States, are largely cbaly beate. In certain localities 
the greater portion of the wells and springs are highly mineralized. 
Waile's report on the geology of Mississippi states that, along the 
whole extent of the Yazoo and Tallahatchee Valleys and the whole 
front below, on the Mississippi River, copious springs issue from the 
bluffs, the water flowing from beds of ocherous earth and pyritous 
clays. The water is highly charged with sulphate of iron and its 
habitual use is very pernicious. Many of the artesian wells of the 
State are also mineralized. Prof. E. W. Hilgard, in his geological re-
port for 1860, says: "Few neighborhoods in the State are without a 
mineral sprmg or well of some kind, good, bad, or indifferent." Many 
of these springs ha\e extensive local reputations and appear to be 
used somewhat indiscriminately by the residents for medicinal pur-
poses. Only a few of the springs have any commercial importance. 
Ocean Springs and Iuka Springs are the best known resort . Cooper' 
Well was well known before the war and, with others, is being revived 
as a pleasure resort. 
(222) 
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Mineral springs of Mississippt 
Name and location. 
ri, ... i.: Cl) 1 bl) p. .. 
00 ~ ·i:: ~ p. .s i.: 4S' 00 ... Character of the ... ";p i 0 "-CO water. loo .s-= t Cl) 
,0 
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0 .Alkaline spring : 
One mile east of Yazoo City, Ya- ............. . 62 Alkaline ....... . 
zoo County. 
Alum springs: 
~ tlaI~~~tb~~if;~~::: :::::::: :::::: :::::::: :::::::::: ::::~: :::::: :::::: 
t ~r~0co~~i;~:::~:: :::::::·.: :::::: :::::::: :::::::::: :::::::::::: :::::: 
.A.ncbosa Spring, .A.nchosa Creek, .................... -• • • • .. • • · .. · · .. · · · · 
Remarks. 
near Quitman, Clarke County. 
.Artesian Springs, 6 miles from Pick• 
ens, near Camel en, Madison County. 
4 .. ................ Chalybeate ... .. Resort . 
A.rte~ian Well (public), 512 feet, 
Aberdeen, Monroe County. 
600 
2+ 3,600 
. ............. do .......... . 
Belmont Springs, 3½ miles northeast 
ofBuckatunna, Wayne County. 




Brandywine Spring, 20 miles east of 
Port Gibson, Claiborne County. 
. •• . . . .. . • . . . . . . . . . . . . . . Sulphureted .. . . Once a resort. 
Do. Calhoun Springs, near Pittsborough, 
Calhoun County. 
Castalian Springs, near Durant,, 
Holmes County. 
7,200 58 Sulp hureted, Used as a resort and 
s a 1 in e, and commercially. 
Chalybeate Acid Springs, 2 miles 
southwest of Grenada, Grenada 
1+ ....... . 75 
chalybeate. 
Chalybeate, &c. Used as a resort to a. 
limited extent and 
sold. County. . 
<.Jhalybeate springs: 
Near Poplar Springs, Calhoun Co ..................... · ................. -... . 
In T.1. R.16, southeast of De Soto, ......................................... . 
Cla1ke County. 
Near Enterprise, Clarke County. . • . . . . .. • . . . . . 64. 4 ................. . 
NearFulton,ItawambaCounty.. 2 ........ 62 ................. . 
Southeast of Fulton, ItawambaCo ........••. .... ···--- ..................... . 
~::~i~~~!!•~~m~~ii~~i~:~.~- :::::: :::::::: :::::::::: -~-~~~~~~~-t_e_::::: 
Creek, Tishomingo County.· 
~ Ii0~i~~1.0f~tii_: :±i~~~~: :::::: :~:::::: :::::::::: :::::::::::::::::: 
mingo County. 
In Sec. 34, T. 5, R. 10 E., Tisho- ....................... .................. . 
mingo County. 
North of Houston, Chickasaw Co .......................................... . 
Unimproved. 
Near Jonesboro'. '£ippah County .............. ........... ............ . .... . 
Six miles northwest of Ripley, ......................................... . 
Tippah County. 
Southwest of Sa-tartia, Yazoo Co ........................ ....... ........... . 
One mile south-sonthwest of Gre- . .. • • • . .. • . .. . 75. 2 ................. . 
nada, Grenada County. 
Near Louisville, Winston County .......................................... . 
Near Oxford, La Fayette County ......................................... .. 
Near Robina, Panola County ... ........................................... . 
Three miles northeast of Vernal, ..................... ........ ............ . 
Greene County. -
Near Cross Roads, Greene County ......................................... . 
Cole;:!a!i;~~;~~t:;:~~:t~: :::::: :::::::: :::::::::: :::::::::::::::::: 
Columbia Springs, Columbia, Marion ........................................ .. 
County. 
Cooper's Well (artesian), 4 miles 
from Raymond, Hinds County. 
1 55 Saline .......... Used commercially 
Franklin Springs, head of Well's ............. . 
Creek, Franklin Cormty. 
64 
and as a resort. 
. . . . . . • . . . . . . . . . . . Once a resort. 
Used commerciall,r 
and as a resort. 
Godbold Mineral Well, n ear Sum-
mit, Pike County. 
Green wood Spring, Monroe County ....... ....................... ............. . 
H arrison Springs (see Belmont 
Spring!'!). 
Hazel Dell Springs, 2~ miles from 
Holly Springs, Marshall County. 
(223) 
Chalybeate ..... Used as_ a local re -
1 sort. 
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Mineral springs of Mississippi-Contmued. 
Name and location. 
Character of the 
water. 
Remarks. 
Holsom-Back Sprin~s, 8 or 10 miles . • . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . Local resort. 
southwest of Lomsville, Winston 
0 
County. 
Iuk!-" Mil!-eral Springs, near Iuka, 
T1shommgo County. 
La Fayette Sp1ings, La Fayette .•.............••••..... 
Springs, La Fayette County. 
Lauderdale Springe, near Lauderdale ...•...........•••••.... 







Station, Lauderdale County. 
.Mineral springs: . Near Poplar 8prings, Union ........•.•.•....••......................•. Unimproved. 
At Holmes Mill, near Fearn's . • . • . . . • . •• • . . . •• • • • . • . . . . . . . . . . . . . . . . . . . . Once a resort. County. 
Springs; Winston County. • 
Near Corinth, Alcorn County ... . .......•.•.•....•................. • • •· • · • 
:In Sec.-24, T. 16, R. 3 E ., Hoimes . . . . . . . • . ... . . 60. 8 Acid-chalybeate 
County . . At Pittsborough, Calhoun Co.... ..... • .•.••.•. , 63 ................. . 
At Mount Pleasant, Marshall Co .......••........•••..•............. •. • • • • • 
At Canton, Madison County .......•......•.. ~. . • • • • . . . • . Sulpho-chalybe-
. ate. 
:~::~BS~~:i,~• 1ta:e!t CR°a~t~- .::::: :::::::: :::::::::: :::::::::::::::::: 
County . . At West Pascagoula, Jackson ..•....•.......••••..•....•....•.... •···· · 
. County. • Near Handsborough, Harrison ..•......•......•..........•.........•••.. 
Countv. In Sec. 30, T. 6, R. 9, near Hazel 2 . • . . . . • . . •• • • • . • • . Sulpho•chalybe• Used locally. 
Dell, Prentiss Couaty. ate. 
Twelve miles northeast of Co- ...........•....••••.•............... · · · • · 
. lumhus, Lowndes County. 
1'11meral Wells. 8 miles below bead .........•.••...•....•.........•••......•. 
ofy\TeU's Creek, Franklin County. Sulphureted . ••. Used as a resort 
Mississippi Springs (once Ban\ston 
Spring;;), near Raymond, Hinds 
4 prior to 1868 
County. ... ....... ·········· ......................... . Unimproved. Multona Springs, 4 miles from Mc-
Cool. Attala County. Ocean Springs, Ocean Springs, Jack- ...... .. .......•••••.....•••.••.......•... Resort. 
500+ . • • • • . . . . . Sulpho-chalybe• Local I esort. 
ate. 
son County. 
2 Quitman Red Sulpbnr Springs, or 
Archusa Springs, i mile south of 
Quitman, Clarke Countv. 
Smilh's Sprinf!s, south of Quitman, .. .... . •....•..••.••..•.•••.••... ..... - •. 
Clarke Countv. St . .A.ntl.rew's Well, l mile south of ..... . ........ .•.........•••.•. . ... •· • • •· 
Monticello, Lawrence Countv. 
St. Ronan's Well, 4 miles south of . ...........•........••...•........ . ..... . 
Monticello, Lawr ncu Countr. Chal b te Used to a limited ex-
Stovall's 8priD/!, 3 miles above Co-
lumbia, Marion Countv. 
.····••· ····•· · ••· y ea · · · · · tent for medlcinal 
purpo e. 
Sulphiu springs; · 
NP:tr Enterprisl', Clnrke County. . ..............•... . .. . ...•••. • • • • • • · · · · · 
Eight miles south of Philadel• 1 .... .. . .. ................ • .. • •· • • · · 
pl.tia, Xe~hoha County. 
:roar Philadelphia, ·e hoba Co.. 1 . ... . ....................... •··· ··· 
Tear· Central Academy, l'anofa.Co ............. : . ..........•• • -• • • · • · · · · · · · · 
TipCo~ ~~:~i°t~o'l~~tb~ -~··;· ······1······ ········ ······ ···· ·················· V~?;!al, 'G!~~~e io:~J s~u-th. of :::::: .::::::: ::::: ::::. :::::::::::::::::'. Unimproved 
Wm. tou , ,ptlllZfl ue r Louis·dlle .. ....... _ ................................ Re ort. 
\Vi11~ton County. ' 
Whit , pl'in~ , ;Ji mill! northwest 
of Hip',-y. '1'1ppah 'ount,·. 
'::ti1: ;~s~1,:~1~rr_~_~·.1_;•-!t_•t_gr_:_i~I-~--~-~:_-:_:_t: __ a:_~_ !..·_· _· ~-·-· L:_: _: .·_::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : :1 
I nclvllh,,J pr 'ounty. 
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.Analyses of mineml sp1·ings in Mississippi. 
Constituents. 
I . 
Godbold Min• C ' W 11 Lauderdale IOceanSprings. eral Well. ooper 8 e · Springs. 
_ I 
Grains Grains Grains 
per gallon.a per gallon,b Parts in 100.0 per gallon.h 
Calcium carbonate . . .... : .. .. . .. .. .. .. .. .. . .. . . .. .. .. . Trace . - ....... - - .. -.. - - . -- - - - - - - ---• - - -- - -- .... - - • - - - -· 
Sodium sulphate............ ............. . . . . . . . . . . . . . . . 11. 71 ............. - - . •. - - - • • • • • • • • • 
Potassium sulphate.... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 0. 61 .•.••.... -.. - - • . - - - • • • • • • • • • • · 
Ca1ci.umsulpbate..................... ................... Trace 32.13 .......................................... . 
Aluminium sulphate....... . .... ......... . . . . . . . . . . . . . . . 6. 12 .••••..••.••.. • .•.•.•..• • • • • • 
Magnesiurosulphate......... ............ ............... 2iJ~ ::::::::::::::: ······· .. ·47_- 77 i~~;~:u~l~~\~~ld~ :::::::::::: :::::::::: ......... :-.'.~.. . .. . .. . . . . . . . . . .•.•........... Trace 
Calcium chloride... ...... ................ . . . . . . . . . . . . . . 4. 32 . • • • .. . • .. . . . . . 3. 88 
Magnesium chloride .. .. . . . .. • . . . •• . . . .. . • . • •. . . . . . . . . . 3. 48 . . . . . . . . .. . . . . . 4. 97 
~·i~r~~~~~l_o_~id_~::::::::::::::::::::::: J!~!! :::::::::::: ::: ...... o:ooioo· · :::: :: : ::::: ::: 
Alumina • 0. 00005 .............. . 
Ferrous ~ride·.~·.·.·_-_:·.:::::::·:: :::::::::: :::: :: : : : ::: :: : ::::::: :: : : : : : : .... . . . . . . . . . . 4. 71 
Loss... . .... . ............................ 0.84 .......................... . ............... -· · 
11¥[~.~~ff i/t(//} I?:l\i/ :::::::::iI11:: ::::::mlE:• ::::::::~:io, 
Sulphur combined with hydrogen ............ .................................... --·........ 0. 00034 - .. - - - ....... • - • - - • 
fgJ:~~::::: :::::::::::::: :!::::: ::: :::::: ::::::::: :: : : :: :::: :: : : : : : :: :: i: ggg~~ ::: :: : : : : : : : : : : • 
ti:1;:1:~~t!:::::: :: ::.-.-:::::: :::::: :: :::::: ::::~:: ::: : : ::: ::::::::: :: : : : : ~~:~: ...... ' .. ~~~~~ 
~~b~~~c a~~t : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : i: gggg~ : : : : : : : : : : : : : : : 
Chlorine ................ · •..• .-........................................ .-. o. 00062 . •••.• . •.. .. .. 
Iodine . . . . . . . . . . . . . . . • . .. .. • . . . . • . . . • .. . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . O. 00006 Trace 
Apocrenicacid ..................................... ...................... ........................ 0.00008 ..... -.. ...... ~-- -
Crenic acid .......................................... ·.... . . . . . . . . .. . . . . . O. 00002 ...... . .. . . . .. . 
Hydrogen combined sulphate............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 00002 .•••••.••••..•. 
Bromine . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . Trace ...... . .. . . . .. . 
Total. ............................ . -------·---1-----·1-----13. 99 95.48 
Gases. 
8~~~~fi;e~iJ1~~~~~~~~<1::::::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : . : : : 
8!W~~et~g h;tJ~f;~~:::::::::::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 









----------1-----1-----Total . .......................................... . ............... . 0. 74891 
•J. H. Laster, analyst. b J. Lawrence Smith, analyst. 0 L, Harper, analyst (1857); 
TENNESSEE. 
The mineral springs of Tennessee are numerous and occur in all por-
tions of the State. The geological formations being the same as those 
of the aujacent States, especially of Virginia, Kentucky, Alabama, and 
Mississippi, the mineral springs are naturally of the same general char-
acter. Ohalybeate and su1phureted springs, therefore, predominate. 
Killebrew and Safford's Resources of Tennessee probably gives as com: 
plete an enumeration of the springs as any work published. The list 
presented here is largely indebted to it, and in addition has had the 
snpervi fon of Prof. James M. Saffor<l, State geologist of Tennessee. 
Acknowledgment is also due to him for copies of analyses made by 
him:elf and by Prof. N. T. Lupton. 
A large number of the springs are used as resorts. Many that were 
Ro fr(."quentcd prior to the war have fallen into disuse, and other springs 
Bull. 32-7 (225) 
:mNERAL SPRINGS OF THE UNITED ST.ATES. 
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D8 
of exteusi,-e local reputation are still unimproved. Notwithstanding 
tlle munber of springs utilized, complete analyses of comparatively few 
have been made: 
Name and location. 
Mineral springs in Tennessee. 




Alleghany Springs, 14 miles south of 3 
Maryville, Blount County. 
Alum and CbalybeateSprings, on Bea-





____ ..................... . 
Resort. 
Alum Springs, near Rogersville, Haw• 3 ............. .. ..... .. ...... - . • -
kins County. Alum Well, 5 miles east of Rogers- 1 . ... .... ... .... ... .............. Unimproved. 
ville, Hawkins County . 
.Artesian Well (sulphur), 2 miles from .. •.. ....... 
Sulpbureted ... 
Saltillo and ½ mile north of White 
Oak River, Hardin County. Artesian Well, Swavne's Mineral 1 .............. Sulphureted . .. Was once a famous re-
Spring, 9 or 10 miles from mouth of' sort; not much used 
Big Sandy and 4 miles from Spring· at present. 
ville, Henry County. 
Austin's f:pl'ings, Austi.n's Springs, 2 
Washington County. 




Saline, chalyb• Resort. 
eate. 
Sulphureted . . • . Used locally. 
Banner's Springs, 4 miles from Dan- . . . . . . . . . . . . . . • • • . Sulphureted . . . . Resort. 
dridp;e,_ Jefferson County. Bath Hpnn/!'!', Decatur County, 7 miles 2 .•. . .. . . . .. . . . Sulphureted.... Was once a resort; nn-
northwost of Clifton . improved now. 
B<'aver Dnm Springs, southern part of . _. . . . . . . . . . . . . . . . Sulphureted . . . . R esort. 
Hickman County. Beersheba Springs, Beersheba Springs, . . . . . . . . . . . . . . . . . . Chalybeate ..... 
Grundy County. Black Snlphur Springs, Blount County ...•... ... ......•.... - - -.. -• • • · -··· · 
Do. 
Do. 
Black Water Spring;;, near Bean's Sta- 3 .••..••...•.•. Sulpbnretedand 
tion, Grainger County. chalybeate. Bon Ai.r Chalybeate Spring, on edge . . . . . . . . . . . . . . . . . . Chalybeate..... Resort prior to the war. 
of Cumberland t,tbleland, 5 miles 
from Sparta, White County. Bon ~qua SJ?rinµ:s, formerly Wcem's .. . .... .... . ...... Calcic, sulphur. Resort. 
Sprmg~, Hickman County, 7 miles 
south of Bnrn~. Brown's Sp1 ingB, near Bnion Depot ...... .. .... .•.... ... - - . . -• - • • • • · • · · 
Sullivan Count,. ' Brown an<l Bu_, <l's Spring, Rhea Co., ..... _.. . ... . . . . . . Chalybeate ..... 
5 miles from Pikeville. Can wood's Spriu~s. 2 miles south of' . . . . . . . . . . .. .. . . . . Chalybeate and 
Do. 
Do. Dan<lri!lge . .T ffcrson Cou.ntv. sulphureted. 
Cascade Sprinµ:s (former! y P~lant's) 6 . _. .... . • • • • • • .Alkaline, snl-
Franklin Co., 5milesfrom Tullahoma,. phureted. 
Castaliau iiprings, Castalian Springs 6 12, ooo+ .. .. .. Saline, snlpbu- Was a re ort to limited 
Sumner County. ' reted. extent before the war. 
Ca~·c•e's Sptinµ:R.'6miles from Franklin ...............•• .. . __ .. . .. _. . . . . . . Resort. 
,Villiam<1011 County. ' 
Chal.ybeate springs: 1!1, Wa,;llington County ..... . ........ . .............. Chalybcate .... . 
A c•ar Jiuntin!!<lon, Carroll Connty .. -........... ····· ... .. . ··· ··· ···• · 
Near Ja1:ksLonrnf!h, Campbell Co ...................... -. -.• --·· · ··· · · 
~t Eliz~h,·thfon, Carti>r County .. , .................... .. ....... •····· 
w(·o 11111<-s south of Cro!ls\·ille, ........... ...... ......... --·. • -· • · • 
'mnhrrlancl Conntv. Tt,·~ wiles HOUth of Crossvill ' ..................... .. .... -....... . 
nrnhcrlaml 'onnt:v. j'. ar l{!><,k11111t, B ut'on County . ... .................................. . . c~: m1lu trom Pikevill,•, Bletli:100 1 . . ............... _.............. Unlmp ,ed. 
Ea t of ."111ithvill •, D Kalb Co .... 2 10+ . ... . . . nlpbo• halyb-
~~ Jr r::11in i\,;;;:rn.ty ..... ·········· ..... ····· ···I··· ··· ... ~.-~: .... ······ r B!Ililp a toi•Puri . ,JI~~~~:c;;)· :::. :::::::: :::::: :::::::::::::::::: 




,.. lie , no1tlr a t of .... ... ..••..... •... ..•...... .. . 




Mineral springs in Tennessee-Continu~d. 
ai ~ · ... 
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Ohalybeate springs-Continued. 0 
At Mill Spring, Jefferson County.. . . . . . . . ......•....•••••...•..... - •. 
Ten miles south of Dandridge, J ef- .............•.•. ........••. • .•• • • •. 
ferson Counr.y. 
Near Jasper, Marion County ... _ ...................•..•••..•.••.•...•.. 
Twenty miles southeast of Liv- 1 .... .............. -... • • - . • •. - • • 
ingston, Overton County. 
On Roaring Fork, Overton County. . . . . . . • . . . . . . . . . . . . •..........••.• •. 
At Alpine, Overton County....... 1 • • • · · · • · · · · · · · · · · · · · · · · · · · · · · · · · Resort. 
Near Jackson, Madison County ... 3 ..........•..................• •· 
.At Pilot Knob, near Monroe, Over- 1 .....••...........•.........•. • • 
ton County. 
On Turkey Creek, Maclison County ................................••... 
In Wea.r's Valley, south of Sevier- .........................•.••.•.••.. 
ville, Sevier County. 
Iu Sullivan County . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . ................ . 





ain, near Williamsburg, 1 mile south 
I 300-400 ...•.. Chalybeate ..... Used to small extent 
ofKiruhrough's Store, McMinn Co. d Unimproved. 
Clinch dale Springs, Bean's Station 12 . . • . . • . . . . . . . Chalybeate an 
Valle\' , Grainger County. sulphureted. 
Clarktown Springs, Clark town, 11 4 . . . . . . . . . . • • . . Chiefly chalyb- Resort. 
miles east of Sparta, White County. eate. 
Cooper's Springs, 1½ miles east of ......•............................. 
Kimbrongh'A Stor<', McMinn Co. 
Copeland Springs, near White Pine, . . .. . . . . . . . . . . . . . . Sulphuretedand 
6 miles east of Dandridge, Jefferson chalybeate. 
Countv. 
Crawfor'il Spring-, Henderson County, ................................... . 
10 miles east of Jackson. 
Crisp Springs, 0 miles from McMinn- . . . . . . . . . . . . . . . . . . Alkaline, sul-
ville, Warren County. phureted. · 
Dixon's Oakland Spring, 2 miles from 1 300 St1lphureted... . Used locally. 
Fern River, near Perryville, Deca-
tur County. ' 
Draper's Springs, Bloomington, Put- 3 • 57 Chalybeate and Resort. 
locally. 
Do. 
nam County. sulphur. 
Dunlap's Chalybeate Springs, 2½ miles 4 .............. Sulphur and Was a resort prior to the 
south of Bolivar, 1Iar<l.eman County. - chalybeate. war. 
Dunn's Spring, Davidson County..... . . . . . .. . . . .. . .. . . . . .. . ...•........ 
Eldorado .::iprings, Chancy, Robertson 6 . •••• ••• .••••• Sulphureted .... Resort. 
Count_y. 
ElkmontSprings,nearElkton,GilesCo. 3+ .....••. 57-60 Chalybeate .... 
Epperson Springs, west part of Ma- 5 . • • • • • • • 40 Chalybeate and 
con County. sulphur. 
Epsom Springs, 7 miles northeast of .... ... .. ••........... .. .........••. 
Rogersville, Hawkins County. 
Erwin Spring, Erwin, Unicoi Co. . . . . 1 200+ ...•.. 
Estill Springs, Spring Hill, .Estill 3 ••••••••.••••• 
Springs FranklinCounty. 
Fernvale Springs (formerly Smith's), 8 








Galbraith's Springs, Galbraith's 4 60+ ...•.. Chalybeate ...•. Springs, near Mooresburg, Ilawkins 
County. 
Gib8on's or Academy Springs, 18 miles 3 ..•.•.•..•..•..... __ .......•..•. 
eai,t of Crossville, Cumberland Co. 
Gibson Wells, 9 miles southwest of 3 ......•....................••... 
Trenton, Gibson County-. 
Glenn's Chal_ybeate Sprmg, 1½ miles 1 •••..••..••••• Alkaline, car-
east of Randolph anrl 7 miles west bonated. 
of Atoka, Tipton Countv. 
200 Glover's Springs, near Union Depot, 2 Sullivan County. 
Graham's Spl'ings, near Rebecca, ... . ............. . 
Franklin County. 
Ilagcr's Spring, Snmner Count;v ............•.. ......... 
Ilale'sHedand WhiteSulphur8prings, 3 •••••••• 58 
Hale's Springs, 6 miles northwest 
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Mineral sp1·ings in Tennessee-Continued . 
ai i:.. ..: 
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~ I!:: s .s 4) z P'I E-i 
Hale and Goff's Springs, near Spencer, ......•....... -~ ................••.. 
Van Buren County. 
Harris Sulphur Springs, 2 miles from ................................... . 
.Ashland City, Cheatham County. 
Henderson's Springs, Henderson's .....•.............................. 
Springs, Sevier County. 
Hinson Spring, IIenderson County, 28 Chalybeate . . . . . Resort. 
miles east of Jackson. 
Horn's Mineral Springs, near Lebanon, . . . . . . . . . . . . . . . . . . Alkaline, saline. Resort and the water is 
Wilson County. . sold to limited extent. 
Howard Sp1ings, Howard Springs, 4 4 400+ 45-50 Chalybeate ..... Resort. 
miles west of Crossville, Cumber-
land County. 
Hurricane Springs, Franklin County, 3 
6 miles from Tullahoma. 
Idaho Springs, Saint Bethlehem, near 6 
Clarksville, Monto-omery County. 
12 
60+ 
54 Alkaline, s u 1-
phnreted. 
56 ······ ······ ..... . 
Jenkins White Sulpbur Springs, bar-
ter County . 
.Tones's Sulphur Well, 1 mile west of . .. . . ... . .. . . ... .. .Alkaline, s u 1-
Sold to limited extent 
anrl a resort. 
Used commercially and 
as a resort. 
Murfreesborough, Rutherford Co. phureted. 
,Jordan's Springs, Jordan's Springs, 8 6, ooo+ 40 .. .• •• ... . .. ... . .. Used locally. 
Montgomery County. · · 
K~ng's Sulphur Springs, Cheatham Co. . . . . . . . . . . . . . ............. . 
Kingston Springs, Kingston Springs, 5 ......•. 57-60 ·s~lphureted and Resort. 
Cheatham County. chalvbeate. 
Klipper~'s Spring, near Hale's Springs, . .. . . . . . ... . .. Chaly.beate .... . 
Hawkms County. 
Do. 
Lea's. Springs, near Spring House, 7 ......•...••...•.•....•......... 
Gramger County. 
Do. 
Line Spring, Line Spring, Sevier Co .. 
Lo,y's Sulphur Springs, near Fair-
. .... . . ..•• ... Chalybeato ...... · Local resort. 
. . . . . . . . . . . . . . . . . . . . . . . . Unimproved. 
view, .Anderson County. 
Mack's Sulphur Springs, 6miles south .................................... Improved. 
of Marlville, Blount County. 
:McBride s Spring, 3 miles from Spen- 60 
cer, Van Buren County. 
McEwen's Springs, l mile from Frank-
lin, Williamson County. 
Mn\~o~~:t c~t~f :.s, near Maryville, 4 . . . . . . . . . . . • . . s~r~;bee~t~~nd 
Mineral springs: 
Near Pikeville, Bledsoe County ................•.... Chalybeate ..... . 
In Cocke County ...................... .... ..... .•... Chalybeate, &c .. 
At foot of Cumberland Gap, Clai- .............•...................... 
borno County. 
Two miles west of Alamo, Crockett ...................... ........... - . • 
• Connt.v. 
In .Tam(•s County ........ . •........... , ........................... • • •· 




Do. ~~It~~~~l~tJ:~t\-_ E i/; iii!!! <!!"!:iiii!iit 
0!1 Cli_nch I:inr, Union Ccmnt_v ..................... , nlpbur ..• ..... . Unimproved. 
ii. 1mle uorth , f :Ua,·narclvillr•, .... . .........• ... Chalybeato...... Do. 
Union Count;·. · · 
'lli~eral} i_ll p. iu~, ncarll,an's ta- 8 400+ .•.... , olpbureted .... Uae.dn crom_ mre.rc Y 
hon, C,r:11ngPJ' '. llllt)". .. 
~Ic~}
1
~'1\~. • 'pdnrr , 1fo11t\'al1, Blount 3 2C0+ 4N0 R rt. 
Moor b_n1i,r ."p1 inir, m•ar foor sbnrg, . . .. . . . . . . . . . . .. .. D • 
Ilnwhn Connt ·. 
I?1gm • p1inl!. ,itl1 •• 'onntv,Omilo .•.....•............ do .......... . 
tr<nt1 1'1 villr>, Bl 11 oo (.;o,mtv. 
Ollbllt,llr l>o. 'pdnr• , :mount 'o'unty ...••..•...•....••...•••••.•. -· ...• 
0 , ,
1
•1 ill nlphur .'pring (ait ian), .••. .•.•.. .. ..•••. , line, . ulphn-
• • 1 ~• I>, \ iii 011 Conuty. • r t 11. 
oM\ 00\1 J1r111 , Hlie. 'o .• 1 • miles . . . . . . . . . . . . . . _.. Chaly to ..•.•. 
from 11ko\·illo, BJ d o County. 
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Oliver Springs, Oliver Springs, Ander• 6 150+ . . . . . . Sulphnreted and Resort. 
son County. chalybeate. 
Parker's Sulphur Spring, near Ilig 1 ................................ Local resort. 
Sandy, Benton County. 
Patterson's Springs, near Birdsville, . . . . . . . • .• . . . . . . . . . . . . . . . . . . . . . . . . . . Resort. 
Cocke County. 
Pettigrew White Sulphur Springs, 9 .•...•••••...••... - ... ..... . - • - - • • • • 
miles from Perryville, Decatur Co. 
Pickwick White 'and Red Sulphur ............ .. ............ - - · ··· - · ·· 
Springs, near Walnut Grove, Har• 
Do. 
din County. · 
Powder Springs, Powder Spring Gap, .. . .............. .••............... Unimproved at present. 
Graingi,r County. • 
Primm's Springs, east part of Hick• 5 515+ 58-68 Calcic, sulphu- Resort. 
man County. reted. 
Price's Chalybeate Spring, 6 miles 1 .........•.... Chalybeate .• .... Local resort. 
from Erie, Loudon County. 
Raleigh Mineral Springs, Raleigh, 6+ ••••.•.. 53-74 .••.............. -
near Memphis, Shelby County. 
Red Boiling Springs, Red Boiling 
Springs, Maco1, County. 
s+ .............. Sulphureted and Used commercially and 
chalybeate. as resort. 
3 .•••..••.•••• ..•• •.• ·•••• · . ••.• . Rell Sulphur Springs, 5 miles south of 
Pyburn's Bluff, Hardin County. 
Rhea Springs, Rhea Springs, Rhea 2 480 • 56 Alkaline, saline, Used commercially and 
County. chalybeate. as a resort. 
Robinson's Springs, 20 miles from .......••••..••••..............•.... 
Nash,illo. Davidson County. 
Robinson Spring Chalybeate, Van 1 120 ...... Chalybeate ...•.. Resort. 
Buren County. • 
Sam's Creek Springs, Davidson Co .. . ........... .. ........ ........•....... 
Shady Grove Springs, 4 miles south- . . . . . .• . . . . . . . . . . . Chalybeate and 
west ot Dandridge, Jefferson Co. suiphureted. 
Shelby Chalybeate Springs, Nashville, ................................... . 
Davidson Count.v. 
South Saratoga Springs, 10 miles frvm .. ......... .. ..••................... 
Pikeville, Bledsoe County. 
Do. 
Do. 
Sulphur springs : . · 
On Sulphur Creek, Benton County. 1 60 51 . . . . • . . . . . . . . . . . . . Local resort. 
In Clay County ................••.............................•....... Small and unimportant. 
.A.t Cascade Falls, near Tullahoma, ......•.•..........•••••..•......... 
Coffee County. 
ThreemilesfromStephen'RChapel, ......••.•..........•............... Unimproved. 
Bledsoe County. 
In Dyer County . . . . .......... . ..................•.................... 
.A.t Van Buren Academy, Fentress . ................................. . 
County. 
Near Locust Spring, Greene Co ....••..•...•...........•.....•...••... 
In Hamblen County .. _ . ...........................•..•..•............. 
Three miles from Saltillo, Hardin 1 100 County. ···•·· ······ ····•· ···;,·· 
Do 
Four miles west of Dandridge, J ef. . .. .. .••...........•.....•.......... 
ferson County, 
Four miles south of White Pine, 1 . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . Resort. 
Jeflersou County. 
Seven miles south of Livingston, .. ...•.•.•....•...........••........ Local resort. 
Overton County. 
Near Jelforson, .Rutherford Co ....... . ............................... . 
Near Murfreesborough, Ruther• ..............•....••.•.•••..•..•..• 
ford County. 
Near Huntsville, Scott. County .........•••.... ·--~-- .•••...•••.••..•.. 
Eight miles east of Blountville, .........•.•.•••....•...•••...•.•••. 
Sullivan County. 
Five milos west of Union Depot, ..•.......•..•••••.••.••••••.••..••. 
Sullivan County. 
In Tipton County . ..................•..........••.•..••••••••••••..••. 
Between Districts 7 and 10, Weak• . . • . . . . . . . . . . . . • • . . ••..•.•..•••.•••. 
le.v County. 
Sulphur wells: 
At Alexandria, De Kalb County ....•............•.•..•..•••.•.•...... 
Near Liberty. Do Kalb County ......•..........•...•..••••••••.••. · .•.. 
Near Brentwood, Williamson Co .......•.............••••••••...•..•.. Unimproved. 
Near Nolensville, Williamson Co ..................................... . 
NearPctersburg,(1) Williamson Co .................................... . 
(229) 
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Sulphur wells-Continued. 
- Three andone.halfmilesnortheast ... . . --.... -.. ----- - ·---·······-···-·· of Sparta, White County. 
AtClarktown, near Solon, White Co -s~ii~e; ci;ai:viie: · Tate's Epsom Spring, Tate Springs, 
Grain§er County. 
Terries prings, Rutherford County .. 
Tilford's Mineral Well, Wartrace,Bed• 
ford County. 
T ee's Springs, Davidson County .... 





est Nashville Sulphur Well, Nash• 
ville, Davidson County. 
inchester Sulphur Springs, ·Frank• 
lin County. 
hite Cliff Springs, in Chilhowee 
Mountain, 16 miles from Mouse 
Creek, Monroe County. 
hite Creek Springs, 12 miles from 
N:1shville, Davidson County. 
h1te Fern Springs, Henderson. Co., 
14 miles east of .Jackson. 
hite Sulphur Spring, near Witt's 
Foundry, Hamblen County. 
· te Sulphur Spring, 1 mile south 











Alkaline ....... . 




-----··· ------ ........................ 




........ 45 Sulphureted ... . 








bite Sulphur Springs, in Sumner ..... .. ........... -··-·· .. ......................... 
County, near Whitehouse. 
y 
y 
ood's ~rings, near Miles Cross- 3 ............ ............ --···········--·· Roads, lay County. 
eager's Sfirings, Washington County. 2 -------· ·-----. ........................ ellow Su phur Springs, near Mont• . ·-· ·-······ ····-·. --·-············· vale, Blormt County. 
ellow Sulphur Sprii:gs, Carter Co •.. , ·-· ........... ········-········ 
(230) 
Unimportant. 
Commercially and as a 
resort. 
Resort. 
Sold to limited extent 






















Solids. Grains Grains Grains Grains Grains 
per gallon.• per gallQn.h pe1· gallon. 0 per gallon.d per gallon.• 
Sodium carbonate........... . . .. .. .. . . . . . . .. .. . . . . . . . . . . .. 6. 80 .. ........... .... .. 
Calcium carbonate............ 8. 20 9. 28 16. 91 6. 48 3. 84 
Magnesium carbonate......... . ....... .. .•.. 5. 52 1. 48 7. 04 0. 47 
Lithium carbonate . . . . . . . . . . . . . . . . . . . . . • . . • . . • • • • • . . . . . . . . Trace . • • • • . . . . . . . . . Trace 
Iron carbonate . . . . . . . . . . . . . . . . Trace . • • • •• • . . • . . . . .. . • . • . . . . . . . . . . . . . . . . . . . . . . 0. 41 
Sodium sulphate.............. 2. 40 12. 68 . • • • • • .. . • . . .. 13. 76 0. 22 
Calcium sulphate . . . . . • . . . . . . . 4. 80 4. 65 28. 45 27. 60 0. 91 
:Magnesium sulphate . . .. .. . .. . 11. 20 . . • .. • .. . . .. .. 15. 17 ........................... . 
Potassium sulphate . .. .. . . . . . . .. • • .. . .. .. . .. 2. 35 0. 78 1. 12 0. 16 
f!!~i~~p1~£eh~~~.: :::::: :::: :: .... · .. · 6_-40 .. :::::::::::: :: ::::::::: :: ::: -- · · · ?~~~~ .. : :::::::: :: : : ~ 
Sodrnm hyposulphite.......... .............. .............. 0. 89 ........................... . 
Calcium nitrate .. . .. .. . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . • • • • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . Trace 
Sodium phosphate....... . . . . . . . .. .. • .. . . .. .. . • . . .. .. . • • • • • Trace ........................... . 
Calcium phosphate............ .. . . . . . . • . . . .. o. 04 .. • . .. . . . . . . . . . . . . . . . . . . . . . . Trace 
Sodium sulphide .............. . . . .. . . . ...... 9. 76 1. 85 8. fl2 ...•...•...... 
Iron sulphide (in suspension) . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . Trace ................. .....•..... 
f~:~m chlori~e.... ... .. .. . . . 0. 80 14.15 5. 45 8. 88 o. 08 
1 mm chloride ........ , . . . • . . .. • . • . . . . . . . . O. 22 ............. ... ............ .... .. . . ..... . 
::i~::!~:tio~!d~·:::::::::: :::::::::::::: o. 05 • •••••· ••..••. . •••••.••..••..•.•.•.••..•.. 
Aluminium oxide............. 2.00 O.S6 5 ........ 0.06 .. f ......... } .. .... .... 0.04 
,~r+: +EE ::::)tt:: :::::: n::: :::j~:L :::}:::: :;;;;:;/t 
Total. .................. . 46. 00 59.88 77. 20 78. 84 6.81 
Gas. I 
Sul h Oubic inches, I Oubic inches. O'libic inches. Oubic inches. Cubic inches. 
P uretedhydrogen . ..................... 
1 
23.04 9.47 14.64 ............. . 
• Alpheus Dove, analyst. 
hN, T. Lupton, analyst (1877). 
•J.M. Safford, analyst (1884). 
(231) 
clN. T. Lupton, analyst (1879). 
• W. A. Noyes, analyst (1884). 
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phurWell. Montvale Springs. 
Solids. Grains Grains Grains Grains Grains 
Sodium carbonate ..•••••..•... pergalJ~~• pergal~~:sb perga~~~4• -~e~~~Z~~~:~ . . ~~~~~:~. 
~J~~~1!1ii~~~~b~~~i~::::::::: ~:ft gJ~ g~ ...... ~~·.~~·- :::::::::::::: 
tftti~::a~~~~~t!~~:::::::::: ........ ~·.~~ .. :::::::·: :: : : : : · ·· · ·· · · 0:02 · · :::: :: : : :::::: :::::::::::::: 
i~~7ili1Liii!H ;;;;;/r;; :;;;;:/f :::;/JL ----··ir ------ -ij 
P
8 
odt~ssium sulphat!) . • • • • . . . • . . 0. 27 2. 08 2. 13 . • • . . • . • • • . . . . ............ . 
o 1um hyposulph1_te.......... . . . • • . . . . . . • • . 0. 32 3. 74 ..................... .. • • -• • 
Sodium phosphate....... . . . . . . . . . . . . . . . . . . . • o. 01 Trace ...................... • • • • • • 
Calcium phosphate...... . • • • • . 0. 01 •••••••••••••• . .•..••••.•••..•••••.••... • • • • • • • · · · • • • · · · 
Sodium bi borate .· ...•.... : . • . . . . . . . . . . . • . . . . Trace ................••..•... -. -. • • • • • • • · · · · · · · 
Sotlium sulphide ... a.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 13 ••••••••••.•...•••• • -. -.. •· • 
Sodium bisulphide . . . . . . . . • . • . . • • . . . . . . . . . . . 5. 86 ••••••...•••••.••••••••••••..•• • • • • • • •·· • · 
Iron sulphide (in suspension).. .•••••.....• •. Trace Trace .•••••.••......... • •·· •····· 
Sodium chloride... ............ 0.16 12. 93 1. 01 1. 96 ....•. • •· • · · ·· 





~ium_ ch~oride . . . . . . • . . . . . . . . . • . . • . . . . • . o. 06 ••••••••••••••.•••.••..•.••. ..•...•..... --
oc rum 10d1de................. . • . • . • . . . . . . . . Trace ....•...........•............... • • • • • • • 
tdiu?l .bromi~e............... . . . . . . . . . • . . • • Trace ............•..•••••....... . -. • • • • • · · · · · · · 
Iro~~~id:,1:.~~~~~. ::::: :: :::::: :::::: ::::: :: : ........ 
0
: ~~ ••.••..• ~~~~~-- .••..••• ~:~~·- .. .... ·· .. i:i9 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 38 o. 50 1. 46 . • • . . . • • • • . . . . Trace 
Iocline....... . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace ..•.............. --. • • • • • · .. 
Bromine .... .. ... .. ..••....... ...... ..... ... ........ .•.... Trace ...••........... ........ ... 
Organic matter...... . • • . . . . . . . . ..•........• · 1-... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. O! 
Total... . . . . . . . . . . . . . . . . . 26. 73 I 43. 75 30. 25 108. 84 109. 30 
Gases. ----/ 
OuJJic inches. Oubic inches. Cubic inches. Cubic inches. Oubic india. 
Sulphureted hydrogen . . . .. . . . . . . . . . . . .. . . . 1. 16 1.17 ...•.•........ • • • •··· ...... . 
Carbon dioxide . . . . . . . . . . . . . . . . 14. 64 I 14. 26 14. 75 ..•....•...... -• • -• · • · · · · · · · 
• N. T. Lupton, analvst (1880). 
bJ, M. S::tfford, analyst. 
•J.M. Safford, analyst (1884). 
~232) 
i J. B. Mitchell, analyst. 
• J, R. Chilton, analyst. 
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Grams Grams G1·ams 
in 10,000.• in 10,000.• in 10,000.• 












Trace. Magnesium carbonate . . . . .. . . . . . . . . . . . . . .... .... - . - -
rr~!;~~t!a~h~~!t~nate · · - · · · · --o ·42i.. i· ~~~ i: ~!~ · · · · · o ·iisi · · · --· :o:i9s -· 
Sodium sulphate · · · · · - · · · o:i42 ..•....... - . 0. 069 O. 214 
Calciurnsulphat~·:: :::::::·. :::::::::::: ............ 0.175 
w:i~~~t~rns~\~t~t!~:::::::. :::· - . : : : : : : .... ·o: 011·. ~ ::: : : : :: : : : 
1 · Aluminium sulphate.... . . . . 0Trace 0. 153 ....•....•.. 

















Magnesium chloride . . . . . . . . 0. 083 . . . . . . . • . . . . O. 003 
Calcium chlo1 ide...... .. . . . . 0. 235 . . . . • . . • . . • . O. 135 . • • • . . . . . . . . . . • . . . . . . • . . . ••....... - . 
Pota~sium chloride . . . . . . . . 0. 015 . . • . • . . . . . . . O. 078 .•.•........ 
(C) 
tn~~in·i·~~- ~~.i~.e.:::: : :::::: :::::: :::: :: ·:::·· :::: :: :::::: :::::: 
Carbonic acid (free) . . • . . . . . 2; 003 1. 793 I 1. 005 
Organic matter ........ _.... . .......... . _..... . . . . . . • Present 







Spl'in/1:S : Red Boiling Rhea 















Grains Parts in Grains Grains 
per gallon.f Grains.g 1,000,000.h per gallon.i per gallon.i 
Sodium caI"bonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22. 59 
Calcium carbonate ... _.. . . . . . . . . . . . . . . . . O. 85 26. 00 . • . • . . . . • • . . 21. 56 • 0. 62 
Magnesium carbonate... ................ 0. 91 .......... ,. . .. . . . . . . . . . . . . . . . . .. . . . 0. 17 
Litliiurn carbonate ....•.. __ ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace 
Iron bicarbonate.. .... .......................................... 616 ........... ~ ........... . 
l-iocli11m sulphate . . . . . . • . . . . . . . . . . . . . . . . 5. 22 . • • • • . . • • . • • 513 8. 50 6. 22 
Caldum sulphate........................ 32. 87 6. 00 600 160. G6 ...... ..• .... 
~agnesium snlvbate.. .. .. ... .. ......... 29. 81 8. 00 234' 31. 91 _ .. ........ . 
Potassium· sulphate . . . . . . . . . . . . . . . . . . . . . 1. 72 . . . . . . . . . . . . 1. 54 0. 39 
Il'on prorosulpbate ......... ....... __ .... Trace .................................... __ ......... . 
!i~lf1;}1~t;;i~t~~:::::::::: :::::::::: :::::: ::;::: :::::: :::::: :::::: :::::: :::::: i.:i~:: T:~~; 
11agnelSium pliosphate ............ ...... 2.10 .•••. . ..••.. ·· ·····-· ··· ............ :::::: ······ 
Sodium ltihorate... .......... ...... ...... ..... .... .. ...... ...... .... .. ...... .... .. ...... Trace 
S d' I b'd l i a;.~:,i~rJ\;1~b.id~ :::::: ::::::::: :: ::: 5 2.571 :::::: :::::: :::::: :::: :: :::::: :::::: .•...... ~·. ~~ 
ooum chloride... ..................... . 5. 48 1. 00 23 40. 27 4. 49 
f ~{l~ ?~F{'\\\H\\\'.\i\:l ))ii\\\\::::::;!~'.· t••tt ::::~=:· :::::::i•i! 
f~bonicacid(free) ......••.•........... ............ 15.00 :::::::::::: ...•.. ~-.~~ .. :::::::::::: 
t~iflfc~~~ii~i:::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: ::~i:: :::::: :::::: .... J~;;; 
Total. ..................•.......... 81. 53 
• Enno Sander, analyst (1886). 
b Theodore Hoerner; analyst. 
c Traces of silicate and phosphate of alumina. 
d Traces of silicate of alumina. 
• Traces of nitrogen. 
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r .A.. B. Rains, analyst (1879). 
g J. M. Safford, ana-!.yst. 
h William Baker, analyst. 
i T. S . .Antisell, analyst (1872) . 
iJ. M. Safford, analyst (1884). 
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Constituents. 
West Nash- White Cliff White Creek ~e~d 
vill~~ffhur Springs. Springs. Water,Xash-
ville. 
Total ... . ............................. . 122. 55 I 10. 48 94. 08 
qarbon dioxide ....... ·········· ....... ······ -~~i~-~~~~~~-- -~~-b_i~-~~~~~~-- Oubic3t~~~a. -~-b-i~-t-~:~-
Gases. I / . 
Sulphureted hydrogen . . . . . . . . . . . . . . • . . . . . . . 5. 840 . . . . . . . . . . . . . . 40. 25 • • 
aN. T. Lupton, analyst (1883). •N. T. Lupton, analyst (1884). 
bTroost, analyst (1841). 
KENTUCKY. 
~11be State of Kentucky occupies a prominent place as a mineral sprinrr 
region, not only from the number of springs, but also on account o 
the quality of the waters. Some of them are among the mo t remark-
able in the country and many ·a,re on sale in the East, West, North, and 
South. Such are the celebrated Blue Lick water and that of the ( ra 
Orchard springs. There are said to be two great water hed; in Ken-
tucky, viz: the calciferous sandstone, underlying the Silurian ro k 
and the great sandstone formation at the ba~e of the Coal :Mea. u 
anJ any localities in counties wituin tbe range Qf tho e form ati 
(Silurian and Carboniferous), if not already po e ed of mineral pun~ 
can have arte ian mineral well by boring from 150 to 300 fi et. · 
the mineral waters <lo uot appear to be coD:fi.ned to th se bed altho 
po ibly more abundant in them. Our Ji t mention priug a 
ring in nearly two-third of the countie , and the remainiu(J' coun 
ar not confined to any one portion of the Statej o that it i' Io· · 
that, if th information 1 Iating to th ru were mor corupl te. tll Y 
mi ht be included amoncr tho e ba ing min ral priug . 
Th, gr at maj rit · of he prino- ~ r, till uuimpr Y I al b 10-b 
ar u 1 '1 a l cal 1 ·ort ', p ciall. luring th urum 
f th I ntuck, g olocric-al j' are quit 
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description of the mineral springs of the State, and Dr. Peters's chem-
ical reports on them have furnished a large proportion of the analyses 
given in the tables in this paper. Davies's report on the resources of 
the State has also furnished considerable data. 
Name and location. 
Mineral springs of Kentucky. 
0 
Character of the 
water. Remarks. 
Allen Springs, .Allen Springs, War- ----· .................. Sulphureted .... Resort. 
ren County. 
Alum Springs, near Esculapia .............................. . .......... . 
Sp1ings, Lewis County. 
Alum Springs, base of Burdett's . . . . . . . . . . . . . . . . . . . . . . . . Chalybeate ..... 
Knob, Boyle County. 
Beachvillo Springs, Beachville, Met-
calfe County. 
2 Saline and sul- Local resort. 
phureted. 
Saline . . . . . . . . . . Used commercially 
and as a resort. 
Bedford Springs, Bedf6rd, Trimble 
County. 
Big Bone Lick Springs, Big Bone 3 ......... _........ Saline, sulphu-
Lick, east of Hamilton. Boone Co. reted. 
Big Lick Springs, Gallatin County .... ........ ..... ...... ....... . do .......... . 
Blue Lick Spring (lower), Illue Lick 1 300 62 Saline ........ . 
60 
Do. 
Springs, Nicholas County. 
Blue Lick Spring {upper), Davidson, 
"Nicholas County. 
1,200 60 Sulpbo-saline... Used commercially. 
Box Mountain Sulphur Springs, 4 .. ... ... ..... . 63 Sulphureted .••. 
miles west of :Morton's Gap, Hop-
kins County. 
Brown Spring, near Crab Orchard, . . . . . . . . . . . . . . .......................... . 
Lincoln County. · 
Bryant's Springs, near Crab Orchard, 
Lincoln County. 
6 .................. Chalybeate and 
saline sul-
phureted. 
Buena Vista Springs, northwest of ........ _ ................................ . 
Russellville, Logan County. 
Buffalo Springs, 15 miles southwest ........................ Sulphureted .••. 
of Big Spring, Breckinridge Co. 
1 30 55 Chaly beate .. • • • Resort. Burgher's Spring, near Russellville, 
Logan County. 
Campbdlsville Sulphur Spring, . . . . .. . .• . .. . . . . . . . . . . . . Saline, sulphu-
Campbellsville, Taylor County. reted. 
Cerro Gordo SpringR, near Russell- .....................................••••• 
ville, Logan County. 
Cerulean Springs, Cerulean Springs, 
north of WaUonia, Trigg County. 
Ohalybeate sprin.lJS : 
60 56 Saline .......... 
Near L&tcher C:ourt. House, . ....... _ ....................... _ ....... .. 
Letched Conut,;. 
Southeast of Morganfield, Union ............................ _ ............ . 
County. 
H;t~ittLUid\l •(i\ )\iii II\i:: II\\\\\\\\ 
man (Combs), Fulton County. · 
I~ Pulas~iCounty.. .. . .............................................. . 
Near Emmence, Henry County ......•.......... _........ Saline, chalybe• 
ate. i~ ;:~~o~0q~!r1ty:::: :::::::::: :::::: :::::::: :::::::::: :::::::::::: :::::: 
n o nson. Gount,y ...... .. ... ........ . 
NearCumberlandFalls, Whitley 2 .::::::: :::::::::: ·ca~b~~atea.;ch~ 
County. lybeate. 
Cbalybeate and Saline Springs, on ........... _ . . ...... . ............. _ ...... . 
Barnett's Cr~ek, Ohio County. 
Chameleon Springs, south of Browns- . . . . . . . . . . . . . . . . . . . . . • • . Sulphureted .••. 
ville, Edmonson County. 
Clear Creek Sulphur Springs, near ......................................... , 
Pineville, Bell County. 
(235) . 
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~~ ... Character of the 'S bO] ~ water. 
Remarks. 




-------------1---------1-------1--------! ~ ~ 
Crab Orchard Springs, Crab Orchard, 
Lincoln County. 
Creel White Sulphur Spring, Marion 
County. 
Crittenden Spring, Crittenden Co._ .. 
0 
........ ········ ·········· 
75 61 
1 Davis Spring or Well, 5 miles north-
east of Morton's Gap, Hopkins Co. 
Drennon Springs, Drennon Springs, .•••...••••....•.•...... 
south of Port Royal, Remy County. 
5 400 55to56 Dripping Springs, Garrard County, 
2 miles east of Crab Orchard. 













County. Epsom Spring, near Crab Orchard, . . . . • . . .. .......••................. -- -- . - • 
Lincoln qounty. Epsom Sprmg, near Bedford, Trim- ................•................ - . -- - - - - -
ble County. EsculapiaSprings, EsculapiaSprings, a 55 Chalybeate, sul-
Lewis County. pJmreted, &c. 
Estill Springs, near Irvine, Estill ... . . . . . . . . . . . . .. . . . . .. Saline, sulphu-
Countv. reted. 




Once a. resort. 
Resort. 
Do. 
Foley's 'Epsom Spring, near Crab ............................. - . - . - . - -- - - - -
Orchard, Lincoln Count.v. Fox Springs, 10 miles from Flem- 6 . . . . . . . . . . . . . . . . . . Sulphureted . . . . Do. 
ingsburg, Fleming County. . Grayson SJ>rings, Grayson Springs, 100+ 2, soo+ 58 to 67 ... do . . . . . . . . . . Used commerciall1 
Grayson County. \ and as a place o 
I 
resort. 
Grigsby's (R. B.) White Sulphur 
1 
........................ Saline, sulphu-
Mineral Spring, Nelson County. rated. 
Hanlin Spring, Hardin Springs, Ilar- 1 275 .......... Sulphureted. -·· \ Resort. 
din County. Hardinsvillo Sulphur Springs, Har- ............................ do .......... -
dinsville, t-helby Count,y. / 
Harrodsburg Hp rings, Harrodsburg, . . . . . . . . . . . . . . . .. . . . . . . . Saline ...•... - . -
Mercer County. Hickman's Springs, south of Owens- , 6 ••••.••..•••••.••. Chalybeate, sa- I 
borough, Crow's Station, Daviess line, and sul- , 
County. phureted. 
Howard's Sulphur Well, near Crab .•.....••..•........................ •····· 
Orchard. Lincoln County. Howell Mineral E;priugs, Hardin . . . . . . . . . . . . . . . .. . . . . . . . Saline, chalybe-
County. I ate. 
Indian Spring, near Jonei;'s Mill, ................................... - --·· - -
Grayson County. Innis Sulphur Well, 7 mil s nortll of ........•........•...... Saline, sulphu-
Lexing~on, Jrayut~e Connt,v. . 1 reted. James Mmeral Sprmg, near Sprmg- . . . . . . . . • .. . . . ........ . .... do .. ........ . 
field, Wa1-1binp:ton County. 
JeHse's Minernl Well, ne:1r Ver- ······ .•...... ······ ... . Sulphureted .... 
1-1aillefl, \Vooclforcl County. ....... ............... ---·····-·-······· Used comme Kentucky .• Hum 'prings, Boyle 
K9~unty1 92 mile~ fr~m Louisdlle. 1r.i!:, prmg. Lewi A ( ount-v ......................... ..•...... ... - - - - -- - - - -- · · · -
Kuttawa Mineral Spring11,'nPar Kut- 4 1, 200 62 I .Alkaline, car- H&.! local 
tawn, Lyon County. bonatcd. tion. 
Latonia piings, 4 miles from Cov- 5 •••••••••••••••••• Sulphureted, sa- Re ort. 
ington, Kenton County. line. 
Lcxin(!ton Mineral \V~ll, Lunatic . . . . . . . . . . . • . . .• . . . . . . . . Saline, sulphu-
_Asylum, Le ·in:rton, Favett Co. r t d. 
Lm _vy' 1inrral 'prmg, 'hrhitianCo. ... . . . .. ... . . . 71 ulphureted ... . 
Lom·,1111 (lJupont's)A1te ianW 11 1 .•...••.••••••..•. alino ......... . 
Loui. ,·ill . ,J l'!fori;ou County. ' 
~arnmoth \\~ •II, ,. 'rl11011 ounty ..... .................•.......... -- -··· ·· · ····· 
J
illdal Imeml \V ll, illdale, .... .. .••..... ..•... .... line, u!phn-
·nton C 'onnt\'. r tad. 
t
ill •1' Ii111•1 ul \Yell, n a1· Dar- . • • • . • . • • • . • • . • • • • • • . • • . aline ....... - --
rm villi. 1'110,c C:onntv. 
lmernl pri11r, : · I 
l~ 1';;{o!l~~~rc:~:~~:I:?:::.:::::: :::::::: :::::::::: :::::::::::::::::: 
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Mineral springs of Kentucky- Continued. 
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~ ~ I:◄ 
Mineral springs-Continued. 0 • 
At railroad crossing, GreenRiver, . . . . . . . . . . . . . . . • . . . . . . • . Salme, sulphu-
Lincoln County. rated. 
~ ti~~~~116~,;;{y:::: ::::::: ::: :::::: :::::: :: ::::::: ::: :::::~ :: : :: : :::::: 
On Kettle Creek, Cumberland Co ......................... • -- • • • • -• • -• • · • • • · 
In Robertson Count_y .................................... • • •.· • • • • · · · • • · · · • · 
At Allen Springs, ·warren Count,y ..•.•..•••.••......•..•. -- - • - -.- • • -- • • •· • • · 
In Floyd County . . .. ............................. W~aK ........•. 
At Harmony, Owen Connty...... . . . . . . . . . •. • • . . . . . . . . . • . Saline ...•...... 
In Ilernlerson County ...................•••..•...••... • •; · · · . · · · · · · • • • · • 
At copper mine, near Irvine, . . . . . . . . . . . • . . . . • . . . . . . . Saline ......... . 
Estill County. 
In La Ruo County . . ....... ........ ......•...•...•....... · • · · · · · · · • • · · • • • • · 
Ne>lr New Conco1d, Calloway Co . ........................ • ..... ······ ······ 
iJ~jl}iiELC }I I+ II\:::::::::::::::::: 
Grant County. 
Mineral wells: 
At Walnut Hill, Fayette County ..•.•...•...•...••.•...•. 
At Paint Lick. Garrard County ............... ......... . 
Near Crab Orchard, Lincoln Co ......................... . 
At Smith's Grove, Warren Co ......................... .. 
At Dr. J. Read's, MacUsonCounty ....................... .. 




Saline ........ . 






Mixed Spring, ½ mile from Dripping 
Springs, Lincoln County. 
200 56 Saline, chalybe-
ate . 
...... ....••........... ..... do ......... .. Muna_v's Springs, near Lewis, Da-
viess County. 
Nevien's Sulphur Springs. sources of . .. . . . . . . .. • .. .. . . . . . . . . Saline, sulphu-
Salt RivPr, Lincoln County. reted. 
Oliver Springs, Da,·iess County ..... 
Olympian Spl'iugs, Olympia, nath Co. "io·~ : : ::: : :: 0 54· t~-62. -s·~1i~~:- ~-~lphii:· 
retecl. 
Pal'Oquet Spriugs, near Shepberds-
viJJe, Bullitt Conuty. 
Pollanl's Miueml Well, near Crab 
Orc.ha1·,d, LinC'oln ~ounty. 
Robl> s Chal~ l>eate Spl'ing, tm Mas-
sack C1·c•f'k, McCracken Count.v. 
Rockcastle Spring, Rockcastle 
...... ...................... do .......... . 
Sulphureted .... 
Chalybeate ..... 
25 .............. do .......... . 
Sprinirs, P11laski Countv. 
Rochcstn- Springs, Boyle· County, 17 .••. .. . ....... .•.•.•. .• . Saline ......... . 
miles from Harrodsli'urg. 
Rough C;f>ek Spting~, Grayson Co ............................ • ................ . 
Rm:.w-11 Sulphur Sp1 ings, Russell Co. 2 ............. ............... ....... . 
,)alt Sulphur, B~th County .. ............................................ . 
Salt 8ulpbnr Wdl, Nicholaiiville, Jes- .••••••••.••••.••••..••. Saline, sulphu-
samine County. reted. 
Saluhrian 8prin~s, 8 miles southeast 2 60 50 Sulphureted .... 







Sehrce Rprings, ueiu· Sebree, \Veb-
&ter Connty. 
2+ .. . .. . . . . . . . . .. . . . Saline, sulphu- Resort. 
reted, and cha• 
lybeate. 
. . . • . • . . .. . . .. . . •• . • . • . . Sulphureted .... Social nm Mineral Spring, at Judge 
Eaves's. Mnbleubtll'g County. 
Sowde1 's 8pring, near Crall Orchard, ......................................... . 
Liucoln County. 
St. Bf'rn11.rd Springs,~ mile northwest ........•.•••....•••.•...••.•.•.••••.•••.. 
of l[<,rton'fl Gap, Hopkins County. 
Surld11th or Mud Spring, Mud Lick, ......................................... . 
Bath County. 
Sulphur spring~ : 
At Sinking Spring, 7 miles from ........................ ~········•~r ..... . 
Bi~ Spring Brecltinridge Co. 
In Hancock County ...... .........•••...••••••..••••••••..••••••••••••••••• 
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~~ tll i Character of the .... Remarks. Name and location. 0 bf)O water. 
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Sulphur springs- Continued. 
0 
u~~!~ii!~;:::::):::: i:::: ::::::: :::::::::: )::::::::::::::: 
In Livingston County............ ..•.•. . ....... 59 Saline, chalybe-ate. 
On Doe Run, southeast of Brand- . . . . . . .. . . . . . . . .•... •. - • • --• • • .. • • • • · · • • · · 
en.burg, Meade County. 
Southenst of Morganfield, Union ................ -- - - • - - • • -• • • • • · • • • · • ••• • • 
Countv. Southwest of .Jeffersonville, ........•......•••.•.•. . ······ ······ ······ 
Montgomery Countv-. Sulphur Mineral Well, 'Fleetwood ..•••..•• : .....•••••.... Saline, sulphn-
farm, near Frankfort, Franklin Co. · reted. 
Swi~rney's Chalybeate Sprin~, 1½ ........................ Cbalybeate ...•. 
miles from Cbameleon Sprmgs, 
Edmonson County. Taliafe:To Springs, 1½ miles south- . .. . . . . . . .. .•. . •. . . . . . . . Chalybeate ..... 
west of Morton's Gap, Hopkins Co. Tar Springs, south of Cloverport, .... .. . .•. . •.. ... . .. . . . . Saline ......... . 
Breckinridge County. 
Trice's Salt Snlpbur Well, llopkins• .................. • • • • • • · •·· ·· •····· · ·•••· 
vill~, Christi.an County. ......................... 
Wasbmgtou Bell's Sulphur Spring, 
on Sulphur LickCreek, Nelson (fo. 
White Snlphur Mineral Sp1'ing, ....•......••..... • - • - • • • • • • • · · •· · ·• · · ·• •· 
Marion County. 
White sulph1ir Hprings: .A.t Clo,erport, Breckinridge Co .................•........ Sa;!:a.. sulphu• 
In Ohio Count\- ............ .. . 
White Sulphur Well, Sulphur Well, 
Metcalfe County. 
Williams's Mineral Well. near Ver• 
saillcs, Woodfo1d County. 
WilSO!)'S Saline.Chalybeato Spring, 
Lexmgton, Fayette County. 
Yates Mineral Spring, near base of 
Knob Lick, Boyle County. 
Yel.vingtou Spring, Yelvington, Da• 
viess Countv. 
Young's Springs, Young's Springs, 
Bath County. 
. ... . .. .. .. . . .. . . .. .. . .. .. . . .... --.. --..... - .. -..... 
. ......... ·-------·· Saline .....•.•.. 
.Alkaline ....... . 
Saline .......•.. 
58 57 to 62 Sulphureted .... 






Constituents. Chalybeate Knob I Pasture 






Grains in Grains in I Grains iii (}rains in 
1,000.• 1,000.• 1,000.• 1,000.• 
Calcium cnrbonntt\...... .. . o. 12 . . . . . . . . . . . . O. 09 O. 06 
Ma.j!n :,ium carhonato . . . . . . O. 02 . . . . . .. .. ·j O. 0-1 0. l!! 
Iron carhonate......... . . . . o. 0l Traco O. 02 O. 02 
odium i.ulphato............ ... . .. ...... o. Jl ...... ••.•••..... ....... 
Potn ium !<Ulphate.. .. .. . . 0. 01 0. 02 O. O:J O. 01 
Calcium sulpbuto.......... . . . . . . . . . . . . 0.10 O. 01 0. 01 
Moj?ne inm rmlphato . . .. . • 0. 03 0. 07 O. 07 O. 02 
odmm chloride............ 0.00 0.93 0.02 Trac ·~rJ?lll iluu <'lllorido ..................................... ······ ··········• 
I I • • •. • . • • • • • • • •• • • • • • • • . 0. 01 0. 01 0. 04 0. 03 
Solids. 
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.Analyses of mineral springs in .Kentucky-Continued. 
Constituents. 
Solids. 
Calcium carbonate ..... . ... . 
Ma,gnesium carbonate ..... . 
Manganese carbonate ...... . 
Iron carbonate ............ . 








































~~i!:tu~t~~~~~::::::::: i: i~ ········o: oi·· ······ 'ii"97 .. :::::: :::::: ::: :::::: : ....... . 
Calcium sulphate ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44. 13 0. 01 · Trace 
Magnesium sulphate . . . . . . . 0. 07 0. 06 · · · · · · · · · · · · • · T•iii.g! di: ii 
~~~~i!~P::::ph;t~·:::::: :: : :::::::::::::: :::::::: :::::: .• ,. ... ·:ii: 97 ............. ... .............. . 
Sodium chloride . . . . . • . . . . . . 0. 01 O. 01 516. 54 Trace Trace 
Potassium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 80 Trace Trace 
;~~m;~H~ii~.~:::::::: : : : : : : : : : : : : : : : : : : : : : : : : : ~:: 3Hg : : : : : :~:::::::: : : : : : : : : : : :·:::: 
Silica . . . . . . . . . . . . . . . . . . . . . . . 0. 04 0. 04 1. 00 0. 03 0. 01 
Xitricacid..... ............. .............. Trace ........................................... . 
Loss........... . . . . . . . . • . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . 14. 88 0. 04 0. 01 
0.18 0.12 Total . . . . .. . . •. . . . . . . 0. 44 0. 38 I 660.17 
====='.======!======!========= 
Gases. Oubic inches. Cubic inches. \ Cubic inches. Cubic inches. Cubic inches. 
Sulphureted hydrogen...... ... . . . . . .. . . . . . . . . . . . . . . . . . . 10. 24 













Grains in Grains in Grains in 










Sodium carbonate . . . . • . . . . . 0. 02 0. 08 ..••..... 
Calcium carbonate.......... 0. 20 O. 30 o." 02 ........... o." ii ............. o."iii 
Magnesium carbonate . . . . . . 0. 08 O. 01 0. 02 O. 03 O. 05 
Iron carbonate . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . Trace 0. 07 o 03 
Sodium sulphate ............ 0. 17 O. 04 . . . . . . . . . . . . . . O. 03 O. 01 
Potas!lium sulphate . . . . . . . . 0. 09 0. 07 0. 01 0. 02 0. 01 
Calcium sulphate.. ......... . . .. . . .. . .. . . . .... .. . . . . . . . . . . . . . . . . . .. . . . ....... .. . .. . . . 0. 28 
.Magnesium sulphate... .... 0. 01 0.11 0. 04 0. 02 0. 17 
Aluminium sulphate........ . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. (,2 .••. .••••••• .•• 
~~~~Y:'~d~:::::::::::: ::::::: '.:09::1······~••::.1 ........ ~:.~~ .. :::::::::~-:~~:: ...... --~T:~:~ 
Silica .. . . . . . . . . . .. . . . . . . . . . 0. 01 Traco 0. 03 0. 01 0. 03 
Organic matter.... ... . . . . . . 0. 04 0. 05 0. 04 0. 06 o. 14 
Total . . . . . .. . . . . . . . . . . 0. 71 I 0. 69 · 0. 37 0. 41 0. 89 
Gases. Oubic inches, I Oubic inches. Oubic inches. 
Sulphureted hydrogen ..... · 1 0. 0045 0. 008 0. 012 






a Robert Peter, analyst. 
bJ. F. Judge and A. Fennel, analysts {1870). 
• With aluminium sulphate. 
d With alumina and peroxide of iron. 
• With trace of phosphates. 
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Solids. Grains in Grains in Grains in Grains in Chains per 1,000.a 1,000.• 1,000.b 1,000,b gallon.< 
Calcium carbonate . . . . . . . . . • • . 0. 67 o. 91 0. 218 0. 025 1. ~1 
Magnesium carbonate ..•• ·..••. 0. 12 0.13 0. 050 0. 018 12. 45 
Manganese carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . Trace ............ . . 
Isrodn carbonate............. ... Trace Trace ....... ... . ... o. o~o / ......... . ~~'.' 
o ium sulphate . . . .. • • • • • . . . . 0. 77 1. 01 O. 143 0. 0 0 
Potassium sulphate . . .. • . . . . • . 0. 07 0.17 O. 004 0. 004 lL ;
2 Calcium sulphate . . . . • • . . . . . • . 0. 20 O. 19 O. 062 0. 022 
Magnesium sulphate.......... · 3.45 3.52 0.057 ........................ 2.·;· 
Sodium chloride............... o. 08 0. 30 0. 276 0. 003 
Iron oxide. . . . . . . . . . . . . • . • . . . . . . ....•. . • .. :... . . . . . • . . . . . . . . . . . . . . . . . .. . . . . . . J. 88 
Silica........................ . . 0. 06 O. 06 0. 017 0. 001 ...... . .. . .. . 
£~!:~i~- ~~~~~~:: :::::::: :::::: :::: :: : : : : : : : : · ·· · ·· · ·o:so· · ... ... ~·.~~~-· .... ... ~-. ~~~ .. :::::::::· ::: 
5.42 6.88 0. 835 
Constituents. 
I I 










Solids Grains in Grains in Grains in / (ha·ns in 
• · 1,000. a 1,000. • 1,000. • 1,0011• • 
Sodium carbonate ...........•••................ • • .. -· --- - 0. oi4o ---- -- · ·g·:·~·
22
· --1 ... ..... r .. f!" 
Calcium carbonate . . . . . . . . . . • • . . . . . • . . . . • . • • . 0. 3850 0. 3184 ,..._ 
Mngnesium carbonate . . . . . . . . • . • • • . . . . . . . . . . 0. 0022 O. 0211 
Manganese carbonate........................ .•••.. .. ...... ...... .. ...... Trace I? T 
I ron carbonate . . . . .. .. . . . . .•• • •• .. . . . . d0. OO!i8 dO. 0038 0. 03 S 
Potassinm sulphate.......................... o. 1519 . . . . . .. . . . .. . . O. 03 .... -· .. · · . 
Cnlrinm sulphate....................... . .... 0. 5533 O. 5508 0. u2 ~·. 
li~i~~i?!_;!/H/U:!I!!i //!:/Ii ;:;·:111 r f: •!!!Iii:" :c<:. 
Sorlinm chloride............................. 8. 3473 8. 3;;71 1 0. 02 
Calcinm r,hJoride . ... . . . . . . . . . . . . ••. . . . . . . . . . . . . . . . . . . . . . . . . o. 0606 
Pnt·t~tiinm chloride .... .. . .. ... . .•. .... .. . . . . O. 0227 0.1860 ............ • • 
Lithium chlnt'i,le .. ................................. _.. O. 0060 
1.fagneRinm chlorirlo ................. _....... 0. 5272 0. 4864 ............. . 
1\fa n-11,.Rinm l>romido ......... _... .. . . . . . . . . . . o. 0039 o. 0195 
l\Ia!!ne inm iodide . . • • • . . . . • . • • • • • • . • • . . • . • • . O. 0007 0. 000:J 
lli~i~)1.·i/·t1f !:[f !.ii/r/!:.!f ·/·. ~~,_;::}~i!;:c~ 1 _ 
Gaau. I 
~. <~~~~:~:::::::::::::::::::::.·:/ 0. 3047 Un,lctorm'll . ..... . .. . ... . 
0.35!7 .•.. do · ······I············· 
: r, Rnnly t (1850). • E. S. Wa ne, nunl:rst (1 ), 
nn ly t (1877). 11 With :nmina. anr1 calcium phosphates. 
(24 ) 
KENTUCKY. 
Analyses of mineral springs in Kentucky-Continued. 
Constituents. 
Solids. 
Calcium carbonate .....•...... 
Magnesiur,1 carbonate ....... . . 
Manganese carbonate ...... _... l 
Iron carbonate . . . . . . . . . . . . • . . . 5 
. Sodium sulphate ..... ........ . 
Potassium sulphate ........•.. . 
Calcium sulphate ... .........• 
Magnesium sulphate ....•. .. .. 


























: : : : : : : : : : : : : : ...... T;~~e .. 
0. 45 0. 51 











bTrace Iron sulphate ................ . 
Sodium chloride............... O. 02 ....•...... . • . 
bTrace 
o. 08 0. 11 
r~!~?~~;~t~:::::::·:::: :::::::::::::: 
Soda ................. ~ ..................... . 
Silica.......................... Trace 






0. 02 0. 01 















Lithium ..................... ·· i 
Bromine ...................... . 
Organic matter ............... . 
Tracesl 
. . . . . . . . . . . . . . · · · · · · · · o: 2s · · · · · · · · · · o: oa · · · · · · · · · · · · o: 02 Trace 
------- --------
1. 80 I Total. ................... 1.16 1.16 1. 62 1. 51 
. . o. 0239 .1--==i:=~=i~=i 
Gases. 
I 
~ul~hn!ete~ hydrogen ..... .. . o. 0203 0. 0248 o. 0265 








Grains in Grains in 
1,000,a 1,000.• 
,lcium_ carbonate . . . .. . . . • • 0. 18 0. 15 
3if agnesmm carbonate....... Trace (0 ) 








Artesian \Cbalybeate Cbalybeate 
well at well near 















0. 08 &on carbonate . . . . . . . . . . . . . . 5 · l ......... . . . 
:F/taiuII?, sulphate . . ... .. . . . . . . . . . . . . ... . . . . .. . .. .. . . . 0. 03 . . . . . . . . .. .. Trace 1. 13 
r-, ~smm sulphate . . . .. . . . . .. . . . . . . . . . . O. 01 Trace . . . . . . . . . . . . Trace 0. 06 
::Sr1lcmm: sulphate ........ 0. 65 0. 90 0. 59 1. 30 0. 01 2. 33 
~ agnesmrn sulphate........ 0. 65 0. 88 0. 47 0. 88 Trace 0. 74 
~~nganese sulphate · · · · · · · · l bTraces hTraces dTraces Traces 5 ·. •. •. •. ·. ·. ·_ ·. ·. ·_. ·. ·. · · · · · · · · · · · · n sulphate ............... 5 l ........ . . .. 
Odium chloride. . . . . . . . . . . . 0. 02 0. 02 0. 01 0. 30 0. 01 0. 15 
>otassium chloride .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 01 .••••.••••• 
8 ~~ium sulphide .. . .. . . .. . . . 0. 02 O. 02 Trace o. 03 . . . . . . . . . . .. .. .....•.•.. a, :ilica . .. - .. • - - - . . . . . . . .. .. . . . O. 03 . . • . . • . . . . . . 0. 01 0. 03 Trace 0. 03 
'lganic 1aatter. . . . . . . . . . . . . . 0. 18 . • • • • . . • . . .. 0. 15 Trace . . .. . . . . . . . . . .......... . 
Total. ................ . 
Gas. 
8 ~lphnreted hydrogen ..... . 
a 
1. 74 1. 99 1. 45 2. n ·I o. rn 4. 78 
o. 0270 0. 0380 1--- · ....... ............ . 
• Robert Peter. b With phosphates. •Not estimated. d With alumina, sulphate, and phosphates. 
Bull. 32--8 (241) 
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Analyses of rnineral springs in Kentucky-Continued. 
Constituents •. 
Harrodsburg Springs. 


































Calcium carbonate .. ... . .. . .. i~ ~~~~~:~ .•. i~ .l:~~~~b.. in 1,g~fib in 1,g~f2b in l,~~g3b 
Magnesium carbonate . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . O. 02 O. 03 O. 02 
1 
_ ..· .· .· .· .· .· .- .- .· .· 
Sodium sulJ)ha.te........... . o. 07 o. 30 o. 46 0. 50 0. 21 
Pota_ssium sulphate . ........ Trace o. 01 Trace O. 01 1• O O l 0. 1 
Calcmm sulpbata . . . . . . . . . . . o. 60 o. 39 o. 13 0. 08 0 14 O. 33 
Magn~s~um sulphate....... . o. 33 o. 33 o. 16 o, 11 o· 07 O. ~} 
.Alummmmsulphate ........ l 1.25 0.33 •••.....•.... .•.. ... . .... . .. ~.... o.· 
M,1uganti e sulphate . ...... . 1 Trace O. 01 I g:,: 
Irrmpersulpbate............ 0.88 0.05 :::::::::::: :::::::::::. ····T;;~~-- '"' 
Copper su lphate........... . Trace . . . . . . . . . . . .. . . . . .......... • •I · · · · · --0:c~ Sorliu rr: chloride . . . . . . . . . . . . Trace o. 01 o. o 0. 02 O. 01 
§m~aox_i~1-~: .. :: :::::.: : : : :: . ····T1:a~~ .. ··· T;a~~·· 'T~~i; I f T~i~ I ( T~~~; .. .. .. T~tt 
Litbiu_m - •. -................ 
1 
Trace I Trace Trace Trace T race I T 
Orgamcmattn .. . . . . .. . ... . . .. . ........ 0.03 0.04 1.... . .. .... . ~.i-----
Total . . . . . . . . . . . . . . . . . 3. 13 / 1. 46 1. 02 o. 90 / 0. 55 
• Raymond, analy t. 
b Rob rt Peter, analyst. 
• Dr. L. D. Kaetenbine, analyst. 
(242) 
d With pho. phoric acid. 
• With pho phate and aluminL 
t With mangane e oxide. 
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.Analyses of mineral springs in Kentucky-Continued. 
Constituents. 
Louisville Milldale Mineral Well, Sulp~!!rW ell 
.Artesian Well. Mineral Well. Smith's Grove. Frankfort. 
Solids, Grains Grains Grains Grains 
per gallon.• per gallon,b in 1,000.0 in 1,000.0 
Sodium carbonate .......... .'.......................................... 0.04 1 0.04 
Sodium bicarbonate . .. . . . . . .. . . . . . . . . . . . 2. 73 ....................... ~ •.. • • • 1--• • • • .. -- • · -· 
Calcium carbonate ................ _ ............................. ~....... 0. 15 O. 25 
Calciumbicarbonat.e..................... 5.99 ........... . ... ............................ . 
Magnesium carbonate................... ....... . . . . . .. 1. 20 O. 02 Trace 
~!!ilf~~o;~;f~~~t:::::::::::::::::: ..... · · · •:: :: .. :::: ::: : ::::: :: :::: :: : ~;~~ ~: :::: :~:::: :: : : : 
Sodium sulphate......................... 72. 30 . . • • • • . . • . . . . . . 0. 02 ............. • • 
Potassium sulphate...................... S. 22 . .•• •• .. . . . . .. . Trace ............. . 
Calcmm sulphate........................ 29. 43 1. 22 0.10 0.11 
Magnesium sulphate..................... 77. 34 .... .. .. .. . . . .. 0. 29 ............. - -
.Aluminium sulphate..................... 1. 80 .................... - -- . • -- - • • • • • • • -- • • · .... • 
~~ii~~ ~~f:R~!~~:::: ::::::: :::::::::::: 62i: ~~ · · • · · ··5oi2i3· · · · · ·· · · · · o: o5· · · · · · · · · · · · ·o: o; 
Calcium chloride .. .. .. . . . .. .. . .. .. .. .. • 65. 73 11. 26 . .. . . .. . .. .. . . . 0. 03 
Potassium chloride .. .. . .. . .. . .. .. .. .. • . . 4. 22 0. 62 . . .. . . .. . .. . 0. 01 
Lithium chloride .... ...... ...... ...... 0.10 ........... Not estimated ........... . 
Magnesium chloride . .. .. .. . .. • • .. • .. .. .. 14. 78 8. 42 . .. . . . .. .. .. .. 0. 02 
.Aluminium chloride..................... 1.21 .................... ... .... . ----••·••··-.-· 
Magnesium bromide..................... 0. 47 ............... ...... ........... - ... - . - ... - - • 
Magnesium iodide....................... 0. 35 .. .. .. . . • . . . . • . .. . . . . . . . .......... - .... • • 
Silica . . . .. .. .. .. . • • .. • .. .. .. .. • .. . .. .. • . O. 89 . .. . . . . . . . .. • .. Tr~ce Trace 
l~i]i~~~;-~!~:::::::::::::::::::::::::: :::::::·: t~~:: :::: ::: : : ::: : : : ::::·::::: :::: :: · · · ··-· · · t:i: 
Loss..................................... 8.12 . .... . .. ...... 0. 25 
Total ...... . ..................... .. 
Gases. 
Sulphureted hydrogen ................. .. 
Carbonic acid .......................... .. 













0. 92 0. 51 
. Pollard's jMineralSprin~ 
Mineral Well. , · near Irvine. 
Solids. Grains Grains Grains Grains 
Sodium carbonate ........................ ·-·~~-~•-o_o.o_-~·-· per gal~1-; in 1,0ol;2 in 1,000.c 
Calcium carbonate....................... 0.12 2. 40 0.14 o. 53 
Magnesium carbonate .. .. .. . .. .. .. .. .. .. 0. 01 1. 50 O. 15 o. 04 
Manganese carbonate ................................................................. 1 o. 02 
Iron carbonate..................... .. ... · 0. 02 0.18 I 
Sodium sulnhate............. .......... •• O. 05 2. 41 · .. · · · · · · · · .. · · · · • .. · · · · · · .. · · 







Calcium sulphate ........................ 0. 02 2. 28 
Magnesium sulohate. ... .... • •• . ... .. . .. . 0. 08 4 52 
Aluminium sulphate................................ .. .. .. 0 .. 49 .. :::::::.:::~::: ............ · .. . 
Sodium chloride . ... .. • ... . . . ...... ...... 0. 01 309. 60 0. 69 o. 30 
Calcium chloride . . .. . . . . . .. . .. .. • .. .. .. . . .. . .. . .. . . . .. . 67. 71 .. . .. . . .. .. .. .. o. 03 
Potassium cblor-i<le ..................... · 1 ·.. . ... . . . . . . . . 0. 48 0. 02 .............. . 
Lithium chloride .... ........... ... .... .. Trace ::~~::t~: t~~~i~: ::::::: :::::: :::::::: : : : : :: : : : : : : ::: .... · .. · 4s." oii · · ... -- · .. · o: i2 .. :::::::::::: :: : 
Sodium bromide ......................... ............... i: ~~ ::::::::::::::: ::::::::::::::: 
Sodium iodide . . . . . . ... • •• . .... •• .. . . . . .. . .. .. . . . .. . . .. . o. 16 ............................. . 
Magnesium iodide....................... ............... o. 25 ............................ .. 
.Alumina . . . . . .. .. .. .. . .. .. .. .. .. . . . . . . . . Trace H•............ . .. .. . . . . . . . . . . .. . .. . . . .. .. .. 
Silica . . . . . . . . . . . . . . .. . .. . • • • • .. .. .. .. . . . . 0. 02 3. 90 0. 01 0. 07 
Organic matter . . .. . . .•• • .. .. .. . . . .. .. . .. . .. • .. . . . . . . . . . 2. 14 ............................ .. 
Phosphol'ic acid......................... .Trace ............................. . ..••........... 
Loss . ....... ....... . .................................... .. ............. . .. .... ........ 1.47 
Total . .. · ... ...................... .. 
Gases. 
Sulphureted hydrogen ................. .. 
Carbonic acid .. ........................ .. 
• J. Lawrence Smith, analyst. 
b E. S. Wayne, analyst. , 
0. 37 







• Robert Peter, analyst. 
ti Robert Peter, analyst (1861) . 
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Analyses of mineral springs in Kentucky-Continued. 
Olympian Springs. 
Constituents. 
Salt Sulphur Spring. 
Parts Part.~ 
in 1,000.a in 1,000. • 
~~1~Y~ c:~~b~:!ta ·.·.·.·::::::::::::::::::: <·i. 230 <~~ 191s 
Magnesium carbonate . . • • •• .. .. .. .. .. .. . O. 124 0. 0506 
Strontium carbonate..................... .. .. . •... ...... O. 0045 






~~~~~~b~~1f!b.~~~~~:::::::::::::::::::: · · · · · · · T~~~~ · · dJ~i~; Trace 
Barium ('arbonat.e ..........••................ : . . . . . . . . . . 0. 0128 ................... - . - - - • • - • ·· 
i~i~~~usi':/f!t::at~: :::::::::: ::: ::::: :: : .::::::·· :: : : :: :::::: :· :: ·:::: ....... ·0:002.. = 
Calcium sulphate . . . . . . . . . . . . . . . . • . . . . . . . Trace O. 0083 . . • . . • . . ..... . 
Magnesium sulphate. . . . . .. . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . • . .. . . . . . 0. 012 
Sodium chloride . . . . . . . . . . . . . . . . . .. . .. . . . 2. 847 4. 8997 0. 127 
Calcium chlonde......... •• .. . . . . . . • . . . . . . . .. . . ... . . . . . . . 0. 0213 ..••••........... •.. • • - • -
Potassium chloride . . . . . . . . . . . • • • . . . . . . . . 0. 183 O. 0355 
Lithium 0hloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0008 .............•. 
Mae;nesium chloride . . . . . . . . . . • . . . . . . . . . . 0. 950 0. 1089 
Sodium bromide . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0166 
Sodium iodide . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . Trace . ........ .... . . 
11~~~::~~~~i~-~::::::::::::::::::::::::: ······ Trace l~~gi .............. . 
8ilica ........................ '..... . . . . . . o. 018 o. 0232 0. 043 
Iodine . . . . . . . . .. . . . . . .. . ....•........ .. Trace ... .................. • -•· • •·· · ···· · · · · · · 
Bromine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace .............. . 
Boracic acid .. ......... . ~·... . . . • . . . . . . . • . . . . . . . . . . . . Trace .......... .. .. . 
Phosphoric acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace ............ -. • 
Loss and organic matter . . . . . . . . . . . . . . . . . 1. 348 O. 0340 .......... • • • • • 
Total .• • • • · · · • · • .. · •. - .....•....• "1===54=. 7=0,;8=1====5.=4=16=8=/.;===o=.=55=8=t====== 
Gaaea. 
Sulphureted hydrogen ..••••............. 








White Sul- / Main Chalyb. / Main Chalyb· I 
phur Spring. eate Spring. eate Spring. 
_____________ , ____________ , ______ •.-----,■ 
Solids. Parts Grains Grains 
in I 000 • in 1,000.h in 1,000.• 






· · • · • · · · · · 
0
_ IOI 
Calcim~ carbonate...... .......... ... .... 0. 0744 1 .,., 
MagneRmm carbonate . . . . . . . . . . . . . . . . . . . O. 0316 I O. 0143 O. 022 
~i~~!~t~~~f!b.~~~~~~:::: ::.:::::::::::: ::::::::: ::: ::: i1~~~ ······ ·(~) ..... . 
Sodium sulphate......................... O. 0408 I 
Pota'<sinm sulphate . . . . .. .. . . . . . . . . . . . . . 0. 0133 / 
Cal-cium sulphate . . . . . .. . . . . . . . . . . . . . . . . 0. 0039 I 
Ma~ue1:1ium sulphate .... ............................... . 
Sodium cblllri<le . .. . . .. . . . . ....... ...... 0.1326 
Lithium c.utoride. . . . . . . . . . . . . . . . . . . . . . . . Trace 
Ma~nesium chloride . . . . . . . . • . . . . . . . . . . . . O. 0071 
Sodtum bromide .. ... . .......................... Trace .......... ............ ................ ········· 
8od1u1n iodide ................ ..... . .... ......... Trace ........................... ---····· ·······--
Sochum sulphjde.. . . . . . . . . • . . . . . . . . . . . . . . . Trace ....... .. . . ............. -• • • · 










· 07' .. · · 
, i lica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 0115 ,,,, 
tf.~<;;;cn~~idc~d. :: : : : ::: : : :::::: :::::::::: ....... T~ace·. ~~~-- ::: : :: : . : :::::: 
Phosphoric acid...... . . . . . . . . . . . . . . . . . . . . Trace 
Lo. s .. .... ..... ... . ...........•....•. .. ..... ····I Trace 0. 0194 






rc,j?eu _nip hide .................... ·· / (<) 


















l'EALE.J KENTUCKY. 117 
.Analyses of mineral springs in Kentucky-Continued. 
Olympian Springs. 
Constituents. I 
Salt Lick. Epsom Well. Tea Spring. Kitchen Well. 
Pts. in 1,000.• Pts. in 1,000.• Grs. inl,000.h Pts. in 1,000.c Pts. in 1,000,d 
Sodium carbonate............. 0. 23 . . . . . . . . . . . . .. 0. 45 O. 54 Trace 
Calcium carbonate . . . . . . . . . • . . 0.18 0. 63 0. 02 0. 05 0. 19 
:rifagncsium carbonate......... 0. 05 0. 22 O. 01 0. 03 0.10 
Strontium carbonate . . . . . . . . . . Trace . . . . . . . . . . . . . . Trace Trace .•........•••• 
Manganese carbonate......... •Trace . . • .. . . . . . . . . . Trace i •o. 01 f • • • • • • • • -• • • • · Iron catbonate . . .. . . . . . . . . . . . . •Trace Trace Trace S l Trace 
fiJ:~~ ~~r~~~f!e . ~:::::::: : : : ........ ~·-~~ .......... i: 36 .. : : : : : : : : : : : : : : ........ o: 02 ............... . 
Potassium sulphate . . . . . . . . . . . . . . . . . . . . . . . . . 0. 04 . • • • . . . • • . . . . . 0. 03 O. 27 
Calcium sulphate . . . . . . . . . . . . . Trace 0. 58 . • • .. . • . . • • . . . 0. 01 0. 01 
Magnesium sulphate . . . . . . . . • . . . • • • • . . . . . . . . 2. 60 ..••....•.... . ...•........•.....• ..• ...... 
~~~nst~i%!f~P~~~~:::::: :::: :: ::::::: ::: : ::: ...... Ti~~e ........ ~~~~~-. :::::::: :::: :: ;::: :: : :: : : : : : 
Sodium chloride :.............. 4. 71 0. 83 0. 04 0. 15 4. 25 
~~~~fii!~t\~~cie·.::::::::::: U! :::::::::::::: ······T;~~e-· ::::::·:::::::.: ···· ·· --··o:oti 
Lithium chloride.............. Trace .............................. ........................ . • 
Maruesium chloride........... 0. 12 . • • . . . . . . . . • . . . . . .. . . . . . . • . . Trace 0. 55 
t~::~~~~~~~.:::::::::::::: : : : : : : : : : : : : : : ...... Ti~~e .. : : : : : : : : : : : : : : ...... ~~~~~ .. : : : : : : : : : : : : : : 
Silica .. . . . . . . . . . . . . . • . . . . . . . . o. 02 o. 02 ro. 03 ro. 03 . 0. 04 
Bromine. . . . . . . . . . . • . . . . . . . . . • . Trace • • . . . • . . . . . . . • . . . . . . . . . . . ........... - -
Boracic acid.... . .. . . . . . . . . . . . Trace : :: : .. : : : : : : . : ·····~Trace · Trace ............. . 
Loss.......................... O. 01 .............. .. ........... .. ...... ..... ... ............ . 





















Pts. in 1,000. a Grs. in 1,000. • Pts. in 1,000. • Grs. in 1,000. • Grs. in 1,000. • 
C
Sodi~m carbonate ............................ .. ....... , . . . 0. 24 · Trace ... .......... . 
alcmm carbonate . . . . . . . . . . . . 0. 0438 0. 51 0. 12 0. 13 Trace 
Magnesium carbonate .... ..... 0. 0148 0. 38 0. 03 0. 04 Trace 
Manganese carbonate . . . . . . • . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . Trace . • • . . . . . . . . . . . . ...•. .. .. ... . 
Iron carbonate . . . . . . . . . . .. . . . O. 0145 Trace Trace Trace ..•........... 
iodium sulphate .............. 0. 0531 0. 40 0. 53 .••.........•...••••.••...•. 
otassium sulphate . . . • .. . . . . . . . . . .. . . . . . . 0. 30 . . . . .. . . . . . . . . . • . • . . . . .. . . • . . • . . • .. ...•.. 
Calcium sulphate . . . . . .. . . . . . . o. 0029 1. 57 0. 12 0. 34 ..••.•........ 
ra11:nesium sulphate.......... 0. 0086 2. 99 0. 43 ............... . 
odium chloride....... . . . . . . . . 0. 0026 1. 00 3. 36 4. 01 2. 34 
1!!?1iTu;\\\l!'.[[[!: l!!! i[ ;!lllt[[ !!ii!!. [\l\ ! ~: •::: :: ~~:l• •• '.:'. '.'. ~~!:: ;\\  \\ :~ '. Iil 
Total. ..... . .. ........•• 0. 148] 
• Robert Peter, analyst. 
b Robert Peter, analyst (1877). 
• Robert Peter, analyst (1880). 
d Robert Peter, analyst (1861). 
7.15 4. 84 4. 95 3. 55 
•c Wfib. ~gis~phates. 
gNot estimated. 
h ·with sulphuric acid, bromine, alumina, loss. 
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Analyses of mineral spring.j in Kentucky-Continued. 
Mineral Burgher's Clear Creek 




Kuttawa j W:ilsnn 






• Robert Peter, analyst. ~ E. S. Wayne, analyst (1882). • J. P. Barnnm, analyst. 
ARKANSAS. 
Among mineral spring States Arkansas occupies a prominent pla 
The reputation of her famous Hot Springs, which have been more 
less improved and utilized for medicinal purposes since the early part 
the century, bas attracted attention to the subject throughout th 
and has led the people to appreciate the value of their spring • 
Although a large proportion of the springs have been impro, 
ver.v few appear to have been subjected to quantitative chemical an 
sis. Only five are given in the table. The list of spring is b 
mainly upon data obtained from Owens's geological report of Ark 
supplemented, as in the case of most of the other list , by inform 
derived directly from per ons interested in the variou pring '. 
priog who e general character is known, probably half are chalv 
and nearly that number are also sulphureted. 
Only about five are utilized commercially at pre ent 
(246) 
i'RALE.j ARKANSAS. 
Mineral sp1·ings of Arkansas. 
Name and location. 
0 
Character of the 
water. 
Alum Spring, 8 miles west of Camden, .•..............•.....•...•• •....•... 
OuacHita County. . 
..A.rmstronir Spring, 8 miles west of ....................••........ ..•.••. 
Remarks. 
Searcy, White County. 
Baker's Spring, section 14, township 5 1 . . . . . . . . 61 Saline, sulphu• Resort. 
south, ranire 80 west, Howard. Co. roted. 
Black Sulphur Springs, Van Buren Co .......... . ... .. ......... - ........... . 
Blanchard Springs, Blanchard Springs, 17 1, 700 . . • . . Saline, &c .... . 
Union County. 
Blanco Springs, 12 miles northwest 
of Hot Springs, 011,rland County. 
Blood Spring (Ryde?'s), Montgomery 2,000 65 Saline, chalybe-
Do. 
Do. 
County, 50 miles west of Hot Springs. ate. 
Blowing Springs, 6 miles southwest . . .. . . . . . . . . . . . . . . . Sulpbureted L .. Unimproved. 
of Springfield, Conway County. 
Bo11: Springs, near Paraclifta, Sevier Co ..... ........ . ..... .........•.....•... 
Britt 's Springs, Union County..... . .................... -... - - -... • - - . - • - -
Bull Dog Mineral Springs, Montgom- ...............•. . ............... • ... 
ery County. 
Bussey's Mineral Spring, near El Do- ........ ..... ..... . Saline, chalybe- · 
rado, Union County. ate. 
Butler's Mineral Spring, near Magno- . .. . . . . • . . . . . . 68 .••. do ..•........ 
lia, Columbia County. 
Cantrell Springs, 9 miles from Pine .. .......... ...... ............... ... -
Bluff, ,Jefferson County. 
Ohalybeate springs : 
Near Benton, Saline County ....................................... -.· .. •. 
Near Danville, Yell County.............. . ....... 62 Saline, chalybe-
• ate. 
Near Benner's Mill, Franklin Co ....•......•.•..•...... ...........•.... 





Near Malvern, Hot Spring County ...•..............••...... - .......•..•. 
Near Rose Bud, White County..... 2 i0 58 Chalybeate .... Used locally. 
At Peach Orcharu Gap, Wllite Co ............... . .. ........... ......... . 
At Springfield, Conway County.. . . . . . . . . . . • . . . . . . . • • . Chaly beate and 
sulphureted. 
~ ic::tll~~~~\~o-~~t); :::::: ::::::: :::::: :::::::: ::::: :::::: :::::: :::::: 
Near White Rock, Franklin County ..................................... . Unimproved. 
Five miles southeast of Harris- . . . . • . . . . . . . . . . . • . . Chalybeate . • • • . Do. 
burg, Poinsett County. 
-Chalybeate Hill Springs, Scott (1) Co .. .... .............. . Saline, 1ulphu-
reted. 
Cherokee Springs, Benton County ......................................... . 
Cluster Springs, 8 miles east of Hot 15+ ............. Chalybeate ..... Resort. 
Springs, Garland County. · 
Crawford Sulphur Springs, near Sump- . . . . . . . .. . . . . . . . . . . Alkaline, sul-
ter, Bradley County. phureted. 
Crystal Mineral Springs, near Crystal . . . . . . . • • . . . . . 70 Chalybeate and 
Springs, Montgomery County. sahne. 
Dardanelle Sulphur Springs, 11 miles • 110 Sulphureted, sa- Local resort. 
west of Dardanelle \: ell County. . line. 
De Soto Mine1al Sprinii;s, De Soto rA: •••• .. •..••. . .....••..•••.••..•.•.. 
119 
Springs, Searcy County. , 
Dovepark Spdngs, Hot Spring County, 12 2,160 . . . . . . . . . . . . . . . . . . . . . . . Used commercially and 
near Dovepark. as a resort. 
Edmonuson Springs, near Jordan- ...... ... . .. . . . . . . . ................. . Unimproved. 
brook, Sevier County. ' 
Eldo1ado Springs, BentonCounty ..... . 
England's Mineral Well, near Harris- :::::: :::::::: ::::: ·Aik~ff;~;··~~l:· 
burg, Poin11ett Countv. • phureted. 
Excelsior Springs, n'ear Yellville, 25 . . . . . .•. .. . .••.••...... Used locally. 
Ma-rion County. 
Do. 
E~~rr~osi!:l?s, Enreka Springs, Car- } 80 2, 710_ { m Calcic ........ I u!~dac~::i~cially and 
Elm Store SpringR, Elm Store, Ran- 360 62 .......... . ...... . 
rlolph Col.lllty. . 





Potash Sulphur, Garland County. 5 ~ Do. 
(247) 
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i:, ~ <P z ~ --~----
0 
Flood's Cbalybeate Spring, 10 miles . . • . . . 9, 000 .••.................... 
north of Crystal Springs, Montgom-
Gap Springs, Howard County. . .. . . . . . . . . • . • . . . . . . . • . . . . . . Alkaline, sul-ery County. phureted. 
1 . . . . . . . . . . . . . Saline i ........ . 
Gillen's White Sulphur 8prin11:, 3 miles 
east of Hot Spring1>1 Garland Co. Gray's Mineral Spring, section 20, . . • . . . . • • . . . . . . . . . . Alkaline, sul• 
township 5 north, range 29 west, Scott phureted. 
County. 
Rem.arks, 
Green's Chalybeate Springs, near ..•............... . ..... • ...... •····· 
Buckville, Montgomery County. • 25 . . . . . Sulphureted . . . . Local ·resort. Gum Springs, Gum Springs, Cleveland 1+ 
County . Hic~ory Creek Sulphur Spring, near .••... .••.... .......••. do . . . • . . . . . . . Unimproved. f 
Hickory Creek, Hempstead Co. 
Hot Sprin,2's, Hot Springs, Garland Co. 
71 20, 100 5 :~i Thermal... .. ... Resort. 
l1575 
Hubbard's Mineral Spring, 3 miles 
north of Prairie D Anne, Hemp• 
stead County (1). 
Hutchinson's Sulphur Sprin~s, Mont-
gomery County, near Big E ork. 
Iron Sulphur Spring, Iron Springs, 
Montgomery County. , 
Leay's Springs, 5 miles north of War-
ren, Bradley County. 
L ee's Springs, 10 miles from Pine 
Bluff, .Jefferson Col}nty. 
. .. . .. . . . . . . . . . . . . . Saline, chalybe-
ate. 
. . . . . . . . . . . . . . . . . • . Alkaline, saline. 
. 
43 ..••. ·••···• .... 
....... ---··-- · . ..................... . ..... .. Lemon 's Chalybeaie Springs, Mont• 
gomery County. 
Mammoth Spring, Fulton County .. . . . 1 ~ ....... { E} Calcic . ...... • • • 
Mattock's Spring, 8 miles west of . . . . . . . . . . • . . Sulphureted, sa,. 
Princeton, Dallas County. line; 
Maybur.Y Springs, Montgomer y Coun• 50+ . . • . . . . . 64 Saline .......•.. 
ty, 17 miles west of Hot Springs. 
Mineral springs : 
Do. 
Do. 
In section 16, township 12 south, . ..... . ...... . ..•.. .. ... .. •· •· • •····· 
ranire 10 west, Bradley County. Sulphureted, Usedlocally. 
chaly beate. At Clear Spring, Clark ·county . . . . . ................. . 
At Crystal Springs, Montgomery Co...... . ... . . .. 70 Sulphuretedand . chalybeate. 
At Forrest Cit,y, St. Francis County ...... .... ... .. ... .. . .. .. .... • • • •···· 
]five miles south of Harrisburg, . . • . . . . . . . . . . . . . . . . Chalybeate . . . . . Unimproved.. 
Poinsett County. 
In and near Mineral Sprinas, How• l 4 560 5~~l ~h!.f,yt!at! t;_:, Resort. 
ard Counts. S l64~ • ' 
!t~:~a!iu~~~~i~H~ti!ri~e~: · :: :::: ::::: :: : :: ::: :: :: : : :::::: :~:::: 
Crawford County. In Sharp County . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . UnimJ!~ved. 
In section 9, township 5 north, ....•.....• .. ... .. . ......... - . • • • · • · · 
ranl?e 18 west, Perry County. 
In section 25, township 10 south, ....•. ........ ..• .. Saline .......... . 
. ra~~e ~5 west, Hempstead Co. 
M1tchell s Cbalybeate Springs Stone . .. • .. . . . . . . . . . . . . . Alkaline, saline. I 
Qunrr,y Gl'eek, Hot Spring C~unty. Mountain Vall v prings, 12 miles 3 64 Calcio . . . . . . . . . . U ed commercially 
north we. t of Ilot , prings, Garland a a -ort. 
Collllty. 
Mount X •bo ::::,prin_gs 5½ miles from } ~
60l I Dllirlno 11 . YC'IJ Cotinty. 5 190+ ~ts Chalybeate ..... Resort. 
:ati~ual
8 
~ring ,National, Logan Co . .... .. .. ..... . ..... ··················1 Do. 
3 
w ortbn • pr ng , s ction 26, township ............. · I· •... Cbalyb at .... . 
no , rn.ugo 12 we t, Pulaski Co. I 
(24 ') 
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Pennywits Sulphur Springs, Crawford . . . • . . . . • . . . . . . . . . . Sulphureted . • • . Resort. 
County. 
Perryville Salt Well, Perryville, Perry . . . . . . . . . . . • . . . . . . . Saline -. ... • - . • • 
County. 
Rabourn Sulphur Springs, Mount Ida, .••.•..••..••... . . ..... -. • • • • • - • • • · · · 
Montgomery County. 
Ravenden Springs, Ravenden Springs, .•.••...•.... . ..•.. Alkaline ....... . 
Randolph Count,y. 
Rice's Spring on Mud Creek, Ran- ...........•.. 
dolph County. 
Royston's Chalybeate Springs, section .•.....••.......•.. 




ate. Pike County. · 
Saratoga Springs, Saratoga, Howard 
County. 
Sawyer's Spring, 2½ miles east of Elm ................•....•••.........•... 
Springs, Washington County. 
Scoby's 8prings, 5 or 6 miles north of . ... . ...................... - .... - . • • • 
Warren, Bradley County. 
Scott's White Sulphur Springs, near ... . ..................•.•.•.. . ..•••.. 
Black Springs, Montgomery County. 
Searcy Springs, Searcy, White ...••...•.......... Sulphureted, 
County. chalybeate,&c. 
Shover's Spring, section 7, township 13 1 120 63 Chalybeate ..... 
south, range 23 west, Hempstead Co. 




i _._ ............... . 
ton County. 5 5 
State Salt Springs, section 30, town- ...........................•.•..•••. -







Sugar Loaf Springs, Van Buren (1) Co ...•......•...........• •··· ...••. •···· - • 11 
Sulphur and Chal.vbeate Sprin!!s, 1 5 ............................... Used co,mmercrn :,. 
mile from Hopeville, Calhoun <Jo. prior to the war. 
Sulphur springs : 
Three miles from Clarendon, Mon- ..•••...•...•.........•••............ 
roe County. Resort. 
Near Enders, Faulkner County ...........................••.......•... . 
Near Fayetteville, Washington Co ..................................... , 
Near Dr. Kuykr-ndall's, (1) Wash• 2 •••••••.••••• Salim~, chalybe-
ington County. ate, and sul-
phureted. 
South of Malvern, Hot Spring Co ..........................•....... · ..... 
tt Sulphur Springs, Benton Co .......•....•..•....•....•........... . ... 
our miles east of Witherspoon, ....•...........•.....•....•..•...... 
Hot Spring County. Unimproved . . 
In section 35, township 4 north, . . . . . . . • • . . . . . . • • .• . ...•..••.•....•.. 
range 17 west, Perry County. 
Thomas Mineral Spring, Beaver Bend ..•.•..••..••..............••••...... 
Creek, Calhoun County. 
Tnrk~l Chalybeate Springs, near Crys• .•••...••..••...•....••.•..•••..•.... 
tal .:>prings, Montgome17. County . 
. Van Patten 's Spring, 2 miles south of ...... . . . ..•.. . .. . . Chalybeate ..••. 
Walnut Grove, Cross County. 
Warm Springs (or Rice's ·spring), 
Warm Springs, Randolph County. 
60 500 60. 2 Alkaline .....•.. Resort. 
Whisenant Chalybeate Springs, Kate's . . . . . . . . • . . . . . . . . . . Alkaline, cha.-
Branch of Ouachita, Montgomery Co. lybeate. 
Whlte Sulphur Springs, 8 miles south- 6 480 57 Sulphureted .... Do. west of Pine Bluff, Jefferson Co. 
Witherspoon Mineral Springs, near . • . • • . . . . . . . . . . . . . . Saline . . . . . . . . . . Unimproved. 
Witherspoon, Hot Sfring County. 
Witt's Springs, Witt's Spring, Searcy l {55{ 
County. 5 4 · · • · · · • · ~5 · ·· · · · ···· ·· · ·· · · · 
'Witts burg Mineral Spring, Witts- ............•..•••......•.•••••..••.. burg, Cross County. 
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.Analyses of mineral springs in ArkanRas. 
Constituents. 
Eureka 









Grains Grains Grains Grains Grains 
Sodium bicarbonate . . . . . . . . . . . per gali~15• . ~~~ ~~l~~~: ~ .. ~~~ ~~~~: ~ . ~~~ ~~~·: ~ .. :_~~ ~~~: ~ _ 
Magnesium caruonate.. .... ... .. . •.. .. .... .. 0.13 .. . .. . ........ 4.48 L 5-r 
Magnesium bicarbonate ... ~... O. 47 ... . . . .. . . . . . . 3.17 ......... ........... • .. 
Calcium carbonate . .. . .. . . . . . . . . . • . . .. . . . . . . 3. 97 . . . . . . . . .. .. . . 4. 61 6. 5: 
Calcium bicarbonate . . . . . . . . . . 4. 43 . •. . . . . . . . . . . . 12. 66 .... ............ • • • • • • · - · · · 
Lithium carbonate .............................. ; . . . . . . . . . . . . . . . .. . . . . . . 1. 26 O. :. 
f;~~ bt~~ib:~:t~:::::::::::::: ::::::::::::::::::::::::::::········iii .. :::::::::::::: .......... ~.~~ 
Sodium sulphate . . . . . . . . . . . . .. O. 09 O. 38 ............................ • • • • · · · · · · · · • · 
Potassium sulphatE1 . . . . . . . . . . . O. 13 O. 23 Calcium sulphate . . . . . . . . .. . • . . •. . ... . . .. . . . ' 0.11 ........ 2;° 54 ....... · T;a:~~ ..... ....... o.· ·: 
Aluminium sulphate.......... . . . . . •• • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 36 ... •. • • • • • • • · · 
Sodium chloride. ... .......... . 0.19 o. 01 ....... .. .. .. . 2. 18 1. 5'" 
il!il11!iiiii!iif /! iii!! /i/!//1! :::::: ~i=t 1:::::::1;; ! ;;;:;:~:I;/;;;;;;:~-
Silica . . . . . . . . . . .. . . . . . . . . . . . . o. 31 1. 87 0. 38 O. 82 1. 
~~~~~1;Ei+Hi: //}!! ::::;:;:E; :?:::t~:: i::::;:;t(• ······;;. 
Total.. . . . . . . . . . . . . . . . . . . 5. 85 8. 55 21. 82 21. 79 1 
Gases. 
Carbonic acid ..................................................... • -• • --
Atmospheric air ..................................................... - • • 
.Ammonia . . . . • . . . . . . . . . . . . . . . . O. 21 ......•..•••.•............. • 
(Jubic inches. I Oubic inc • 
2.14 161. -
1.33 2Ll 
Total. . .....••• .. .•.•.... o. 21 a. 47 I 1 
a Potter and Ri_ggs, analyets (1880). 
~E. Hills Larkin, analyst (:.859). 
• Cbauvenet and Blair, analys 
• Wright and Merrill, analysts. 
{250) 
• 
'l:'EA.LE.] JNDIAN TERRITORY-LOUISIA.NA. 123 
INDIAN TERRITORY. 
The list of springs for Indian Territory is doubtless incomplete, as 
very considerable portions of the Territory are but little known, espe-
•cially in the western and northwestern sections. 
Although several places are mentioned on the list as resorts, they 
are as a rule unimproved and are used principally during the summer 
by persons who camp near them in order to use the waters for medicinal 
purposes. 
Mineral sp1·ings of Indian Territory. 
Name and location. 
0 
~ourt-House Spring, Cherokee :i.'.fation . . ...... ....... . 
Character of the 
water. 
Sulphureted -..... . 
Remark~. 
Harkin's Sulpl,ur Springs, 20 miles east 3 300+ 40 
of' Doaksville, Choctaw Nation. 
Sulphureted, sa- Resort. 
line.1 
Kia-Ii-a-gee Springs, 15 miles east of We-
tum-ka, Creek Nation. 
-Oil springs : 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ht~e\~'i~~:~ion among 
On Oil Creek, South of Mill Creek, . . . . . . . . ... . ............•••........ 
Chickasaw Nation. 
Eighteen miles northeast of Table- . . . . . . . . . . . . Sulphureted, cha-
quab , Cherokee Nation. lybeate, &o. 
Six miles north of Claremore Station .... .......... .............. . ..... . 
Cherokee Nation. 
Resort in summer. 
'Seco Springs, 3 miles from McA.lister, 3 . . . . . . . . . . Su1,phureted and 
Choctaw Nation. ohalybeate . 
..Sulphur springs: 
Fifty miles south of Erin Springs, .................•........ ........ 
Uhiokasaw Nation. 
Used in summer. 
At Tulsa, Creek Nation . ..... ............ ............ •....... ..... ... . 
Seven miles from Claremore Station, .......... ... ......... ..... ...... . 
Cherokee Nation. 
LOUISIANA. 
Available data as to Louisiana mineral springs are meager and the 
list given here is presumably incomplete. It is mainly compiled from 
information contained in letters from various portions of the State. 
No analyses are presented, b_ut the springs are probably similar to 
those of Mississippi, as the geological formations of the two States are 
largely the same. Salt or brine springs prevail in certain portions of 
the State, being common in Natchitoches and Rapides. 
None of the medicinal waters is used commercially and those springs 
utilized as resorts appear to be mainly of local importance. 
Walton describes only the De Soto Springs and the White Sulphur 
Springs of Catahoula. 
(251) 
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Mineral springs of Louisiana. 
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Abita. Spring, near Covington, Saint Tammany 1 400 70 C balybeate, Resort. 
P~IB~ k 
Belle Chene.v Springs, Calcasieu Parish ................................... -... • • • • • • 
Castor Sulphur Springs, Castor Sulphur Springs, Cat- 4 . . . . . . . •. . . ... . . . . . ....... Local resort. 
ahoula Parish. . 
Claiborne Springs, Claiborne Cottage, near Coving- 2 . . . . . . . . . . Cbalybeate .. . Resort. 
ton, Saint Tammany Parish. I 
Denham's Springs, Hill's Springs, Livingston Parish .................... do ........ . 
De Soto Mineral Springs, 3~ miles from Grand Cane, 3 60+ 60 . . . • . . . . . . . . . . . . Local resort.. 
De Soto Parish. 
Hi:~1:t~e Springs, near Covington, Saint Tammany ............................. . 
Lt:~~~. Springs, near Covington, Saint Tammany . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . Resort. 
Long's Springs, near Minden, Webster Parish .............•..........•....... •····· 
Mineral 8pringf', RO mileR south of Castor Sulphur ........... ' .................. . 
Springs, Catahoula Parish. 
Sap:}!t'.n Springs, near Covington, Saint Tammany ............................. . 
Sulphur springs: 
Near Covington, Saint Tammany Parish.......... 5 ...... . ... Sulphnreted, Unimpro,ed.. 
&c. 
In Calcasieti Parish . . . . ............ ..... ........... : .......... ..... ..... · -.. · 
WC~~~h~~j~ni!rfs~ile from W~ite Sulphur Springs, 4 . .. . . . . . . . Chalybeate ... 




Walton's Mineral Springs of the United States gives three localitie 
for Texas and Pepper's list includes five. There are, however, abon 
twenty localities that are places of resott and at least seven the wate -
of w1iich are on sale. Besides there are a great many springs at pre en· 
unimproved, but which have local reputations for the curative effe 
of their waters. Mineral springs exist in at least thirty countie of 
State. 
The list as given here is made up partly from -various maps and han · 
books of Texas, supplemented by data derived from corre pondenc 
with persons in the localities thus obtained. The majority of the ...,priu 
are still unanalyzed, but sulpbureted waters appear to be mo t nnm · 
ous. The occurrence of free sulphuric acirl in so many pring i no 
ble. Lampasa Spring , Burdett's Sour Mineral Well , the our L 
prings, and Hynson's Iron Springs appear to be tho e mo t wide 
known. 
(252) 
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Mineral springs of Texas. 
Name and location. 
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Alum Springs, near Paige, Bastrop Co ........••........... 
Barksdale Spring, 20 miles west of 
Junction City, Kimble County. 
Bauguss Mineral Springs, near Viola, 
Cass County. 
Bells Mineral Wells, Blossom Prairie, 
Lamar County. 




Character of the 
water . Remarks. 
. .....•.......... Unimproved and un-
important. 
Chalybeate ..... Unimproved. 
Local resort. 
Saline ... _.. . . . . Resort, and to some 
extent commercially. 
Sulphureted . . . . Was once used locally. 
ish CamR· Wharton County. 
Burdett's Sour Mineral Wells, 7 miles 
north of Luling, Caldwell County. 
Cardwell Mineral Spring, 8 miles north-
west of Luling, Caldwell County. 
1+ . . . . . . . . . . • . . . Saline . . . • . . . . . . Resort, and used com-
mercially. 
Carrizo Springs, Carrizo Springs, Dim-( 
100 
55, ~~O~ 
69 Saline . . . . . . . . . . Unimproved. mit County. 5 h, 0005 
Cedar Springs, Cedar Mills, Grayson 5 Sulphuretedand Once used as a resort. 
County. chalybeate. 
Chandler's Spring, Lampasas, Lam pa- .......... .... ..................... .. . 
sas County. 
Oha!it;i;{;lii,·M~di~~~c~::::: :::::: :::::::: :::::: :::::::::::::::::: 
At Sulphur Springs, Hopkins Co ....•........ _. . . ___ ............ .. . ... . 
In Morris County . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . ................ . 
In Bowie County ...................... ~ ................................ . 
.At A.lford's Bluff, Trinity County .....•.......................•.......... 
In Bell County, ......................•............................... _ .. 
Four miles east of Winnsborough, 1 200 50-60 Chalybeate . . • . . Resort. 
Wood County. 
Coleman Springs, 6 miles southeast of 
Annona, Red 'River County. 
Crabtree's Sour '\Vells, Sulphur 
Springs, Hopkins Count.v. 
Dalby :Springs, Dalby Springs, Bowie 
County. 




1, 600+ 61-62 
Chalybeate and Used to some extent 
.sulphureted. as a resort. 
Acid, chalyb- Resort and water sold. 
, eate. 
Chalybeate, &c. Usedcommercially'and 
as a resort. 
40 . . . . . . . . . . . . . . . . . . Resort. 
F ~rath C~u~ty. . 
airnew 8pnngs, Limestone County .. __ . _ .. __ .......... _ ... ... ........... . 
Gooch Mineral Springs, Lampasas, ... _ ............ · ... _ ................. . 
Lampasas County. 
Gunpowder Spring, 8 miles northeast . . . . . . . . . . . . . . . . _.. . . . . . . . . . . . . . . . . . . Has local reputation. 
of Giimer, U;pshur County. 
Hancoc·k Sprmgs, near Lampasas, ...... . .. . . _ ....................... .. . 
Lampasas Count,y. · 
Hanna Spring, near Lampasas, Lam-
pasas County. 
2 
............. . Saline ......... . 
160 Hot Springs, on Rio Grande, 25 miles 
south of Eagle Sprin&s, Presidio Co. 
Hot Springs, on Rio rande, 2 miles . . . . . . . . . . . . . . 100 .........•.•...... 
abo..-e Hot Sp1-ings, Presidio County. 
03 Chalybeate . _ ... Used as a resort. Hughes's Springs, Hughes Springs, Cass County. 




lryta.nd miles west of Marshall,Ilarrison Co. 
Krllum Sulphur Springs, 10 miles ...... ; ..........................•.•.. 
north of Anderson, Grimes County. 
Kendall Count_v Mineral Spring, 3 
miles west of Boerne, Kendall Co. 
200 Resort. 
Kessler Springs,1, 4 miles from Alley- .•••••...........•.. 






Leonoland Spring, on leon River and . • . . • . . . • . . . . . . • • • • • Chalybeate ... .. 
Noland Creek, near Belton, .Bell Co. 
Martin Springs, Martin Spring, Gray-
son County. 
Middleton Spring, near Paige, Bastrop 
County. 
Mineral springs: 
~ t~l~!~Jt;f ~~ :: : : : : : : : : :: : : : :::: :: : : :: : : : : : : : : :: : : : : : : : : : : : : : :: : : : 
60 Chalybeate . . . . . Unimproved. 
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Mineral springs of Texas - Continued. 
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Mineral springs - Continued. 
Two miles southwest of Linden, .................................... --
Cass C()unty. 
Near Rusk, Cherokee County .... .. ................... Chalybeate and 
sulphureted. 
i~ ~~~f1~~fc~~i:v·:···· :::::::::: :::::: :::::::: :::::: :::::::::::: :::::: 
Two miles from Harwood, Gon- ..................... ----- --- ----• • • • • 
zales County. 
Four miles from Waelder, Gon- .............. . : .... .Acid ........... . 
iiil::~1;!~iir;::::::::::::::: :::::: :::::::: :::::: ::.:::::::::::::::: 
.At Tieil.r Springs, Hopkins County ........... .......... . ... -............ . 
'",flt~!.~¥ j:,:;/R~i~!{ Ei Et + !L!H/{ 
South 11"t0 st of Coffeeville, Upshur . .............. --. -• .. -- . - • -• • · · 
County. . 
~~ilb1~~;!n&:~-~ty ::.:::::::::: :::::: ::::::~: :::::: :::::::::::::::::: 
Seven milrs 11outbeast of Will's , ... ... ........................ •····· 
Poi?t, Van Zandt County. 
In Wilson County........... . . . . . . .. . . . . . . . .. . .. . . . . . . Chalybeate and 
sulphureted . 
.A.long Yegua. River, Washington 
County. 
Mineral Wells, Mineral Wells Palo 
Pinto County. ' 
.................... Saline ......... . 
140 Used as resort and to some extent com-
mercially. 
Mineral wells: 
±i t?lYt~~f!~t~~Ytr~~~i-~::: :::::: :::::::: :::::: :::::::~:::::::::: Has local reputation. 
Moseley's Mineral Well, Bristol, Eilis 1 50 Saline .......... Unimproved. 
.. . . . • . . . . . . . . .Acid, calcic, and 
chalybeate. 
50 ········--···--··· 21,600 
County. . 
Pate Sour Well, Sulphur Springs, Hop• 
kins Connty. 
Pecan Spring, Lange's Mill, near 
Cherrr Spring, Gillespie County. 
Piedmont ~ulphur Springs, 10 miles .............................. -• • -• • · · 
northeast of Navasota, Grimes Co. 
Do. Porter's. Spr.ings, Porter's Springs, .................... 0halybeate and 
HoustoH County. sulphureted. Resort. 
Red Springs or Jarrett Springs, near ................................. ... .. 
Boston, Howie County. 
Saratoga Spr.ings (formerly New Sour 
Lake), Saratoga, Hardin County. 
Seven Spr'inJ! . near Fort Davis Pre-
so+ . . . . . . .Acid and saline. 
60 ·······•·· ······•· 
sidio County. ' 
Soar 'prings. near Luling, Caldwell 30 J, 200+ ...... .Acid ........... . 
County. 
Sour Li~k" Mineral Sprin o-s, near Sour 13+ . . .. .. . . .. . . . . .Acid ........... . 
Lake, Hardin County.,., 
Sulpbm: -;prinl! , ulpbur Springs, 
Hopkins 'ounty. 
Su}pb_ur , 'prinl!s, near Black Jack 
,prmas, Fayette County. 
Do. 
Sulphur ilprmgs: f-t Millican, Brazos County....... 8 . . . . . . . . ..••.. . . • . . . . . . . . . . . . . .. Re ort. 
o~sr:~1c~~~k.tr½~i~·ea·t~h~:- :::::: :::::::: :::::: :::::::::::::::::: Unimpro 
hat{. Caldw ll Uonnt:v locall'°. 
rnElaPdn CrP<,k, De \Vitt Co . . . . .. . . . . . .•. . . . . . .. . . . . . . . . . ... . . . . ... . . Lo ·al r · Tt~~:n~Jrt::/r~{B.ig···p~g:· :::::: :::::::: :::::: ::::::::·::::::::: 
i~ G ~~at·v -:i~~r·, Gill pie Co ................. ........... ........... . 
: fofg rn Jt1:fy~~;~{~~~~~~~ ~~T ~))~ )~~j ~~~~~)~)~~~) t:ntmr 
1l' 
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Mi11eral springs of Texas-Continued. 
Name and location. 
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Sulphur springs-Continued. 0 
At Oakville, Li,e Oak County ... -.. --- -.. - - .. - - . . • • • • •. • - • • • • • • • • • Unimproved. 
In Pecos County, ...................•.......... • .... • • •····· • •··· • · · · · · · 
In Polk County ................ -..... - . . . . . . . . . . . ... • • • • - • • • • • • • • • • · • - • · 
Fifteen miles north of Annona, .......... _ ...........•......•......... 
Red River County. 
In Somervell County .................. :., ... •........... •······-····-····· 
On Colorado River, south of San 1 . - . . ..... - - . . . ...... - .. • ..... • • Local resort. 
Saba, San Saba County. . . 
Near Trinity, Trinity County .............•.......•....••••. •··········· 
Twelve miles from Victoria, Vic• 1 ....... . ...................... . 
toria County. 
Eighteen miles west of Huntsville, .•...... - . . . .. . --- -. . . - . • • • • -• • - - • • • - • Unimproved. 
Walker County. 
Sutherland Springs, Sutherland 
Springs, Wilson County. UH ................................ Resort. 
Texas Sour Springs (same as Card• 
well Mineral Spring). 
Thorp's Springs, Tborp's Spring, Hood 
Countv. 
600 Alkaline .•...... Do. 
127 
Weaver'Well, Sulphur Springs, Hop-
kins County. 
Wilson's Mineral Well, Beaver Creek, 
15 mi1es west of Huntsville, Walker 
County. 
Acid, calcic, and 
chalybeate. 
Chalybeate . . . . . Unimproved, but used 
locally . 
White Sulphur Springs, White Sulphur 
Springs. Cass County. 
Wootan Wells, ·w ootan Wells, 3 miles 
from Bremond, Robertson County. 
Wyser 's Spring, 12 miles north of 




......... .............. Used to slight extent 
as a resort. 
63 .................. Used commercially and 
as a resort. 
. . . . . . Sulphnreted . . . . Used locally. 
Analyses of mineral springs iri Texas. 
Fairview 
Springs. 
Kendall Co. Mineral Wens; Palo Pinto Co. 
Constituents. Mineral 




Grains Grains Grains Grains 
per gallon. per gallon. a per gallon. b per gallon. c 
Calcium carbonate .....• .....••.. __ .. . .. .. . . . . . .... .. ... .. . . . . . ...... · 2. 08 . . ...•.......... 
Magnesium carbonate . .......................... . ................... 4.66 . ............... . 
Sodium sulphate ..•...•........... _.. 5. 65 ..... _.......... 150. 05 
Calcium sulphate ..•....... _......... 1. 30 .. _............. 6. 55 
Magnesiumsulphate............. .. .. . 9.82 .•.•....•....... 18.84 




i~~~ ;~~~sa:1~h~t~:::: :: :::::: :: : : : : : ···· ·· ··· · ioi,· · :::::::::: :::: :: ::: : :: : : : : ::: : : : ............ ~·. 13 
Sodium chloride . . . . . . . . . . . . . . . . . . . . . 1. 76 0. 84 23. 98 0. 95 
.Potassium chloride ....................•••........................ _.. 1. 28 .. __ ........... . 
Calcium chlor ide . .................... .....•.... .... .. .... .. . . .. .... .. 5. 58 ..••••. _ ..•.•.•. 
Cblo1ine in chlorides........... ..... ................ 0.51 .............................••• 
f llb~)j:\:!'. \\\:; \ ;;; ;\\i ;~ \ :\\\\l\!l! \\\l\\ l::::: :::I ~
1
• ;: '. '.'.. '.: j" t •• :::  i: '.: :: ::!'. ti 
Total . ... . .................... . 
• C. F . Chandler, analyst (1884). 
b A. Merrill, analyst. 
25. 99 
(255) 
138. 38 226. 23 33. 24 
c Leon Routt, analvst (1884). 
d With alumina. 
MINERAL SPRINGS OF THE UNITED STATES. 
Analyses of mineral springs in Texas-Continued. 
P_ate Sour Well, Sour Lake Mineral Springs. Sour Springs. 
Constituents. at Sulphur 1-------,--------1 Caldwell 
--------------1--S-p_r_in_g_s_.--J Spring N~ '· I Spring No. 9. Coru,cy. 
Grains Grains (}rains Grains 
,... . per gallon.• per gallon. b per gallon. b per gaUon:c 
v_alcmm sulphate . . . . • • . . • . . . • . . • • . . . 84. 71 . _.... . . . . . . . . . . . . . . . . . • . . . . . . . . 125. 01 
Magnesium sulphate . •• . . . . • • . . • • • . . 22. 99 2. 63 1. 59 16. 17 
Potassium sulphate ................................................................ -. < 100. 08 
:1uminium sulphate................. . • • • • .. • • . . . . . . . 45. 52 31. 28 S 
7
• 
58 errous sulphate . _.. . . . . . . . . . • • . . . . . . • . . . . . . . . . . . . . . 17. 20 7. 71 
~~1~bl~1~fu!!te;· :::::: :: :: : :: : ::: :::: ......... ~~:~~-· :::: :: : : : : :::::: ::::::: ::: :::::: ...... · · · · ·i2.· is 
Sodium chloride . . . . . • • . . . • . . • • . . . . . . 5. 02 . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 42. 74-
fm::;~:r;Ji~~~.~::::: :::: :: : ::::: :::~:: :::: :::: :: :::: :: : :: : :::::: :::::: :::: :::::: ¥!:! 
~~~turic ·~~i<i:::: :: :::::: ::: : : : : :: : : f: :~ ......... ii;: iii .. .......... i;: is' .... .... .... . 1: 26 
i li:;~t;~~~~~:: :: : : : ::: : : :::::::::: L ...... _ ~~ ~~.( : : :: : : : ~:::::::: :::: :: : : : : :::.-:: :::: :: : : : : : : ~.: ii 
Total •••..........•..•...•..... 188. 98 82.~2 I 46. 76 448. 98 
Wootan Wells. 
Constituents. WeaverWe1I.l----------------.,-----
_____ .., __________ 1 ______ 1_w_e_n_N_o_. _1._
1 
__ w_e_H_N_o_._2_. /_w_e_ll_N_o_._3_. ·I-W-ell_N_o_._4._ 
Grains Grains Grains Grain,1 Grains 
per gallon. d per gallon.• per gallon.' per gallon.1 per gal/qn,. c 
' Calcium carbonate . . . . . . . . . . . . 4. 28 ................................... • • • • • • • • • · · · · · · · · · · • · 
Sodium sulphate.............. 1.34 ........................... . ............. . •····· ·····-·· 
Calcium sulphate . . . . . . . . . . . . . 45. 68 ...........•...•.................... - • • • • - • • · · · · · · · · · · · · 
Magnesium sulphate . . . . . . . . . . 24. 35 ............•.................... - . • • .. • • · • · · · · · · · · · · · · · 
Potassium sulphate ... . . . . .. . O. 85 .•.............••..................... • .. - •· · · ·· · · -· · · · · 
Aluminium sulphate . . . . . . . • . . 23. 24 .................................• • - • -• · • · · · · · · · · · -- • • • · 
Iron sulphate ...... ·······--·· 33.42 ···········--· ..•......................... •···· ···- ·· -· · 
Calcium phosphate............ 0. 63 ............ _ ........••............... • • • • • •···· · - · · · · · · 
Sodium chloride .•... _. .. . . .. 1. 36 ..................... •·· •· · •····· -- · · · · · · ···· ·· -- ·36. 36 Chlorine in chlorides ... _...... . . . . . . . . . . . . . . 24. 34 33. 13 35. 46 
tigEfii~!~!t~.~::::::::: ~::::: :::::: :::::: :: ...... J~~ .. : ::::: :~~·: ~~:: -}·:::::: :~::: i: :::~:~:: :~;:; 
Mang~n.ese ox~de......... .. . . . . . . . . . . . . .. . . . 0. 54 0. 44 lo. 05 { · 
_±lum _rn~um o::nde .. . ·.·......... . . . . . .. . . . . . . . ....................... - -· · · · · ·· · •· · -3 · 46 lummmm sesqmox1de ...•... .............. 1. 22 1. 56 ......... .. .. . · 
iifr:~~;~(;!~i:~;::;:::;: ::::::::;:i/ ····· :inr iii ::::::t:w ti~ 
S~lphunc ~cid ............ :.... I. 21 '59. 67 167. 23 179. 25 I .4l j}J:~~::!::(::::::::~:::::: J T;~:; ........ ~--~;·· :::::::::::::: ····--·~;.-;~·- :::::::::::::· 
Total .. .... . .. . . . . . . .. . . . 140. 25 139. 90 168. 11 186. 60 j 2.12. 
• Wright and Merrill, analysts. 
b F. W. Mallet, analyst (1885). 
• H. H. Dinwiddie, analyst. 
• .Tuan K . Wright, analyst (1882). 
(256) 
• C. F. Chandler, analyst 
'W. M. Mew, analyst. 
, In sulphates. 
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NORTHERN CENTRAL STATES. 
The broad areas of Carboniferous rocks with underlying Devonian 
and Silurian strata that are spread over so large a portion of the 
Northern Central States would lead us to look in this section for min-
eral springs similar to those found along the western side of the Appa-
lachians in the Atlantic States and in the northern portion of the 
Southern Central Division. Here, as in those sections, chaly beate, 
saline, and sulphureted springs predominate. Oalcic springs are 
more numerous than in the other sections, while thermal springs are 
inconspicuous, such waters as are referable to this class being derived 
almost entirely from artesian .borings. 
As we proceed toward the northern part of the section and reach the 
metamorphic areas, the springs become more like those of the New 
England States. 
The waters used commercially are second in number only to those 
so used in the Northern Atlantic States: A fair proportion of the local-
ities are resorts, and we may expect the number so used to increase 
when the newer parts of the Northwestern and Western States are 
more thickly populated. Every year adds to the number of imprornd 
springs in these portions of the Northern Central States. Nebraska, 
at present, is the only State in the section for which we are unable to 
give a supposably· complete list of mineral springs. 
Summary for Northern Central States. 
Number of 
Number of Number of Number of spring lo- Number Tot:tlnum-States. spring lo- individual · springs calities used com- berofan-
calities. springs. analyzed. used as mercially. alyses. 
resorts. 
-
Ohio ..... .. .. ......... 80 106 15 15 7 ]5 
Indiana .. ... ... ....•.. 101 151 28 18 7 29 
Illinois ....... ........... 52 91 14 6 5 14 
Michigan .. ........ . .. 44 76 28 19 4 29 
Wisconsin .... ........ 75 146 51 15 15 58 
Minnesota. .....•... ... 27 39 7 2 1 7 
Dakota .. .. ...... ..... l!3 26 6 2 0 6 
Iowa . .... ... . ......... 82 68 14 7 4 14 
Missouri .... .......... 183 441 28 27 7 28 
Nehraska ............ . 3 8 0 0 0 0 
Kanoa,·· ·············~ 
,~ I 
24 11 5 24 
Total .... .... ... 601 1,276 ' 215 122 55 224. 
Bull. 32-9 
(257) 
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OHIO. 
The list of Ohio mineral springs is based upon material deri"\"'ed from 
the State geological reports. The list thus obtained, supplemented by 
information obtained through correspondence, was submitted to the in-
spection of Prof. Edward Orton, of Columbus, Qhio. Speaking of the 
list, in a letter, he says, "It might be indefinitely extended or it migb 
be considerably reduced." Referring to the belt of black Dernnian 
shale that traverses the State from Lake Erie to the Ohio Valley, he 
says: "This formation as a rule yields but little water. The spring-
issuing from it; except at the very base, are weak, but they carry iro 
and sulphur almost everywhere. In Adams County, for example. · 
thf;\re is one mineral spring there are thousands. Four are credited on 
the list. One of these is a place of resort, but the others are identica 
in character with hundreds of others on all sides. They have come in ►o 
recognition possibly through the superior intelligence or energy of the· 
proprietors, who can attention to them in one way or another. What·~ 
t!'ue of Adams Oounty is equally true of Scioto, Pike, Ross, and Pie - · 
way, and to a less extent of the northern counties that bold the hal . 
The list in Delaware County might be increased to hundreds. Th 
springs that issue from the base of the formation often have good 
volume, and these make a group l>y themselves (Mineral Sprin 
Adams County; Campbell's Spring, Pike County, &c.). Very mucb t 
Rame line of remark ap-elies to the so-caHed chalybeate spring , deri, 
· from the drift formation. * * * There are considerable di tric · 
which a bed of bog-ore underlies the drift beds, and all the well an 
springs in these districts might be called chalybeate." 
Professor Orton thinks also that if all the calcic waters were iucluu 
the list might be almost indefinitely expanded. As already intim 
we have included only those springs mentioned in the geological r 
or of which de.finite information was secured by letter. 
A complete list would perhaps include the saline and brine .:.p · -
of the State, but they have been considered in another place.1 A · 
proportion of the springs are utilized as resorts and the wateI 
very limited number are used commercially. 
1 See Mineral Resources of the United States, Calendar Years 1883 and 1 
Salt, p. 836. Washington, 1885. 
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Mineral springs of Ohio. 
Name and location. 
,tl s;.. ,..; <1> b.O P< i -~ "2 ~ = ~ 0 <1>-
Character of the :::l..: ~ .... c:!i:l 0 b.Oo ~ water. s;.. .s.q s;.. <1> <1> .c 
I!: 
p, s ~ ~ .Q 
~ ~ E-i 
Remarks • 
0 
Adams County Mineral Springs, Min-
eral Springs. Adams County. 
2 80 56 Cbalybeate ..... Resort. 
Annapolis l::iulphur Spring, Crawford ..... . ..............•••.. -... -- . - -... 
County. 
Artesian Sulphur Wells, Oak Harbor, ... - -- ........ - - - . . --..•. --• - -- -- -- --
Ottawa County. 
131 
Bellbrook Magnetic Spring, Bellbrook, 
Greene County. 
. • • .. . • . . . . . . Calcic . . . . . . . . . . Used commercially and 
as a resort. 
:Bitter Artesian ·well, Bryan, Williams ................•...•.•.•...• . ..• - - -. 
County. 
Bitter Well, Hancock County ... .... . ........................•••.•.... •····· 
Bitter Well, New Winchester, Craw- .................. - ............ ...••. 
ford County. 
Blue Rock Spring, East Cleveland, 1 5607 60 Saline, sulphu- Resort. 
Cuyahoga County. rated. 
8::~?seM~r~2m-~~to~.cfc~~~1:v:::::: :::::: :::::::: :::: : :::::::::::::::::: 
Castalia Springs, Castalia, Erie County ... ...... ...... , . . .. Calcic .... ..... . 
Cedar Springs, New Paris, Preble Co ...........................•........ .• .. 
Ohalybeate springs : 
Opposite Bucyrus, Crawford Co . ...... . ................................ . 
Near Dantown, Butler County..... 8 . . . . . . . . . . . . . Chalybeate, sul- Unimproved. 
phu.reted . 
.AtNewComerstown, TuscarawasCo .. ..•...............•.••....•••.••• . . 
Near Eaton, Preble Uounty ................ ............................ -
Chalybeate aud Sulphur Springs, near .................................... . 
West Charleston, Miami County. 
2 Cbenowith's Black Sulphur Springs 
(formerly Mershon's), Locust Grove, 
.Adams Count,y. 
Cincinnati .Artesi.m Well (l,245feet), . : ........... , ..... Sulpho-saline .. . 
Used to small extent as 
a resort. 
Cincinnati Gas-Works, Hamilton Co. 
Cincinnati Sulpbo-Saline Sprin~ (arto- . ... .. . . . .. ••. 62 ..•. do ........... Was used commercially 
sian well 240 feet), Cincinnati, Ham- and as a resort. 
ilton County. 
Copelanu.'s Iron Spring, Locust Grove, . . . . . . . . . . . . . . . . . . . Chalybeate ..... 
Adams County. 
Crawford Sulphur Spring, Crawford Co .................................... . 
Cu.,ahoga Lithia and Magnesia ....••............. .Alkaline ........ Used commercially. 
Springs, 10 miles south of Cleveland, 
Cuyahoga Uounty. 
Delawai-e White Sulphur Spring, 
campus of Wesleyan University, 
.Delaware, Delaware County. 
Eaton Mineral Well, Eaton, Preble Co ..............•..•.......•...••....•.. 
Electro-Magnetic Springs,nearWood- 4 1,100+ 49½ ••••• •.••••••.••• Usedcommerciallyand 
stock, Champaign Count.y. as a resort. 
Erkenbrf> ckel''s Salt Well (271 feet), .......... .. ....... Saline ......... . 
Ludlow Grove, Hamilton County. 
1 875, 000 , 50 .........•••.••••• Do. Green Mineral Spring, Green Spring, Seneca County. 
Howland Springs, east of Warren, ................•.. Sulphureted .... Resort. 
Trumbull Count~·. 
Knisely's Sprinc:f!, 8 mil ef! northeast of 11 . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . Summer resort. 
Bucyrus, Crawford County. 
Len.a-pe Magnetic Spring:s, Delaware, 2 700 47 .Alkaline, ealcic. Used commercially and 
Delaware County. as a resort. 
Lewis Centre Sulphur Springs, Lewis ................................... .. 
Centre, Delaware County. 
Massie's Sulphur Spring, 5 miles south .. .... .........•.. . .•••••.•.•••....•. 
of Locust Grove, .Adams County. 
Messinger's SnlJJhur Spring, 2½ miles 
northwest of Locust Grove, .Adams 
County. 
60 Has been a resort to 
some extent. 
Minera(sprinus : 
~i~~if1i;il\l~i{~t/~: :::::: :::::::: ::::: :::::::::::::::::: Sm~~~ndunimportant. 
Southwest of Eaton, Preble County. 8 . . . . . . . . . . • . . Sulphureted, &o 
~ear Cnmbol'lancl, Guernsey Co ..........................•••....•......• 
Near Edinburg, Porta,ge County ................. . ... .. ................ . 
Near Freedom, Portage County.... . •.. .. . •.••... . . . . . Chalybeate ...•. Used locally. 
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Name and location. 
♦ 
Mineral springs of Ohio-Continued. 
~ 





MineraZ springs -Continued. o Near Hudson, Summit County ...•....•.....•.•...••......•..•• -- . • •· • • • 
i::n~~tJ~:!~c!~:v::::::::: :::::: :::::::: ::::: :::::::::::::::::: 
At-Milton Centre, Wood bounty .. .. ••.•..•............•....•..••.•.••.. 
Near Zanesville, Muskingum Co .....•.•..•.......••........ •····· •····· 
Mineral Well, Norwalk, Huron Co .......•................ Saline ...... ... . 
Remarks• 
Newark Ma.gnetic Springs, Newark, .......•.•............. .. ...•.•.••••. 
Licking County. Ohio Map:netic Spring, Magnetic 1 750 52 Alkaline, calcic. Used commeroi.a!!Y an.rl 
Sprin~s, Union County. as a resort. 
Smalley sBlackSulphurSpring,6miles ..•.....•.•....••...••••..••••••••••. 
east of Locust Gnve, Adams Co. 50 Saline . . . . . . . . . . Resort. 
Stryker Mineral Well, Stryker, Will-
ia!Ils County. Sulphur and Uhalybeate Springs, Penn .. ••••..•..••...•.....••. •. • - • • • •· • • • 
Township, Morrow (1) County. 
Sulphur springs: Near Hemlock, Perry County ..•....••........••...•...•••••.•••...••... Used locally to aon=E extent. 
Half mile north of Lynchburg, . . • • • . . • • . . . . . . . • . . . . . . . • . • • . . . . . . . . . Is a local resort. 
_Highland County. At Bluffton, Allen County .....•.•..•..•..•...••..••...••• •. •. • • • - • • • • • · 
At Harlem Springs, Carroll Co . • • . . . . . . . . . . . . . . . . . . . . . • • • • . . •• • •• . •• . . . Unimpmved. 
Near Defiance, Defiance Co....... ...... . .... ... ..•.. .. .••...••.. .•••.. Do. 
Near Delhi, Hamilton County ...••..•..•..... .•...••. .. •••••..•• • • • • •· • • 
Near Eaton, Preble Countv. .. . . . .. . •. . .. . .•• . . . . ••...... -- .•.... •··· • · 
In Milton Township, Mahoning Co . .................................. ·. · 
On Olentangy River, Delaware Co.: . ..••...•......•.....••••..••...•• • -• 
At New Philadelphia, Tuscarawas ...••...••..• . .........••.••••••••••• 
County. · In Riley Township, Putnam Co .. ...•.••...•..••..••... -·. • - -•• - • • • • • • • · 
In Scioto Township, Delaware Co ..................•.•.•••••.•••••.•• • • • 
At Sulphur Sprinii:, Crawford Co ..... ................................ • • • 
One mile east of Zoar, Tuscarawas ...••..••......••....•..•..•.•.••••. • 
Count.,. Near Sulphur Grove, Montgomery ........•......••...•.••..•.•...•.••• 
County. 
Sulphur wells: In Benton Township, Ottawa Co .... .•.••..•....•.•.•.....•.....•...• • -•· 
At Bucyrus, Crawford County .. ......•...........••.......•..•. • - • • • • • • 
In Defiance County ................ ...•.. ..• .............•...•••...••.. -
In Ottawa Township, Putnam Co ..........•.. .•...• ....•..... .. -..• • • • • 
Do. 
i! i:~1i1!i~.°Ji~!{v· : ::::::::::::: :::::: :::::::: ::::: :::::: :::::::::::: 
Tawawa Springs, Wilberforce, Greene 2 . . . . . . • . . . . . . Chalybeate . . . . . Resort. 
County. White Sulphur Springs, .A.!lams Co .......•......................•.•.•. ..•.. 
'\VhiteSnlphurSpring11,Bath Township, ............•...•.................... 
Allen County. White Sulphur Hpriogs, White Sul- .................................... . 
l)hnr. Dolawaro County. 
1 400 Wvandot Magnetic Well (Matthew 
Orian's Well), 5milcs north of Upper 
Sandusk,·, Wyan<lot County. Yellow 'pring, Yellow Springs, 1 6,600 52 .••...•..••..••.•. Once a 
Greeno Co1mty. provedi:ow. 
Yellow Springe,'Clarke County ............................................ . 
(260) 
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Cuvahoga Lithia and Mag-
• nesia Springs. Et i:Allb:reck-
f't't't Salt 
Well. 
Lithia Well, BitterWatur. 
Solids. Grains Grains Grains Grains ~a,ks 
per gallon.• per gallon.• per gallon,h per gallon.h per galton,• 
Magnesium carbonate......... 8.14 9. 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14. 06 
Calciuru carbonate . . . . . . . . • . . . 17, 33 19. 34 11. 08 8. 75 6. 33 
Ferrous carbonate... ......... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 82 O. 47 .......•...... 
t~=i~~~:i~h~te:::::::: :: :::::::::::::: :::::::::::::: 11g! 1~U~ :::::::::::::: 
Calcium sulphate . . . . . . . . . • • . . 27. 27 29. ~O 120. 39 50. 16 6. 07 
~i;;~~:~!ti~t.~:::::::::: : : : : : : : : ~::::: ........ ~: :: .. : : : : : : : : ~: ;; : : ...... ~~~: ~! .. : : : : : : : : : : : : : : 
Sodium chloride............... 519. 60 534. 77 222.19 8. 05 4,300.10 
Magnesium chloride........... 18.14 17. 27 . . . . . . . . . . . . . . . .. . . . . . . •. . . . 542. 04 
Calcium chloride.............. 22. 26 22. 19 .... .. . . .... .. . . ... . .. ...... 786. 61 
f ftti~s~~JJ~~?~~~:::::::::::: .. .. .... ~~ ~~ .......... ~·. ~~ .. · · · · · · · · ii: 74 · · · · · • • • • • 4." 26 · · : : : : : : : : : : : : : : 
Aluminium chloride.... ...... . . .. .. . ...... .. ...... .. .•• . .. 17. 67 ....... ... ....... .... .. . ... . 
Iron chloride . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . • . . . . • . . . . . . . . . . • • . . . . . . . . . . . . • . . . . . . . . . . 53. 46 
Sodium bromide...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . 28. 21 
Magnesium bromide . . . . . . . . . . 0. 26 0. 39 ........... .. . . .. •. . .•...... ..... • . ...... . 
Magnesium iodide .. .... ...... 0.19 0. 30 ........ ... ......•... . ... •................ 
~ru~i~~~~:: :::::::: ::: : : :::: :: i: :i i: ig .. .. .. . i5:s1·· ...... ·io:in ............ i: 22 
Loss . .. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 76 ......................................... . 
Total. ............. .. ... . 617. 32 642.16 
Gases. 
Oubic inches. Oubic inches. 
Sulphureted hydrogen . • . . . . . . 7. 76 7. 27 
Carbonic acid . . . . . . . . • . . . . . . . . 10. 32 12. 63 
Total. ............•...... , 18. 08 19. 90 
Electro• Green 
Magnetic Mineral Constituents. 




Spring No. 1. Spring No. 2. 
Stryker 
Mineral 
Well. Springs, Spring. · I 
------------1------1------1---'----- ------1-----
Solids. Grains Gru,ins Grains Grains Grains 
per gallon.• per gallon. d per gallon.• per gallon.• per gallon. e 
Magnesium carbonate......... 11. 41 22. 39 . . . . . . . . . .. . . . 12. 11 .. .•. ..... . ... 
Magnesium bicarbonate....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15. 21 ........ .... ............... . 
f ~f E~JI!:t\ :: ::: : :~: :: : :3;:: :i ::: ;;: ;;: : ::;::; t: '.' ; : ::/'.:'.\ :: : ::: : :: :: : 
Ma~esmm sulphate . . . . . . . . . . . ......... _.. . 36. 14 0. 93 2. 31 .... . .....•... 
~alcmm sulphate . . . . . . . . . . . . . . . . . . • . . . . . . . . 105. 41 6. 20 5. 12 . ............ . 
otassmm sulphate . . . . . . . . . . 2. 91 . . . . . . . . . . . . . . 1. 34 . . . . . . . . . . . . . . 185. 34 
Iron sulphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 53 
Sodium chloride .............. 13.64 ......••••.... ········a:a5·· ........ i°is·· ········23i:s6 
Magnesium chloride ...... .. . . 2.12 . . • . ... .. . . . . . . .. . . . . . . . . . . . . .. .. . . . . . . •• . 118. 96 
Calcium chloride . ............. 4. 22 . . . . . . . . . . . . o. 63 ......... _ ..... _ . .......... . 
Potassium chloride . _.......... . . . . . . . . .. . . . . 2. 48 ............... ..... ............ .... _ .... . 
jotassi1;1dm bromide............ . . . . . . . . . . . . • . 16. 76 ...................... _ . .......... _ .....•. 
ron ox1 e... . .. . .. . . . .. . . . . . . . .. ..... ... . . .. . . ... . . . . .. . . . o. 54 o. 41 ..•.... •.. .... 
Alumina . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . O. 98 . . . • . . . . . . . . . . Trace ......•.... _ .. 
f t~~f:if~j):::i:\: ::::3;: :::::/t :::::3::::: ::::: ~ij( ::::::/::ii 
Total ... ...•..•.•...••••. 61. 33 216. 49 55. 70 40. 64 621. 51 
Ga,. t=====l,======i=====i=======I<====== 
Carbonic acid ............. ..•. ..... . .. ...... 
:fRSi.Wayne, analyst. 




d O. N. Stoddard, analy~t. 
e S. H. Douglass, analyst (1870). 
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Springs: Blue Rock 
Washington Spring. Greene Co. netic Spring. 
Spring. 
Grains Grains Grains Grains Grains 
per gallon.• per gallon,h per gallon.• per gallon.d per gallun.e 
Sorlium carbonate·........ . .... . . . . . . . .. . . . . . . . . .. .. . .. .. .. . . . .. . .. . .. . . . 2. 26 . ... .. . . . . ... 
Sodium bicarbouate . . .. . . . . • . . . .. . .. .. .. . . . . . . . . .. .. .. . . . . . . . .. . . . .. .. . . . . .. . . . . .. . .. . L 00 
Magnesium carbonate......... .. .. .. .. .. . .. . .. .. .. . . .. . . .. 7. 20 5. 82 56. 81 
Magnesium bicarbonate....... ...... ... .... . 17.61 ............................ ...... . .. .. · • · 
Calcium carbonate............ 19. 57 .. •. .. .. ... . . . 15. 52 3. 96 3. ,5 
~~~~~:!i~:~ti~:~: .-::::: :::: ::::.-::::::::.- .· ..... -~~:~~-. :::::::::::::: :::::::::::::· ........ .. 6.-75 
Iron carbonate . . .. .. . . . .. . . .. . . .. . . . . . . . .. . .. . . .. .. .. .. . . . .. .. . . . . .. . . . l 32 .... ....... - • -
Iron bicarbonate . . . . . . . . .. . . . . . . .. . . . . .. . . .. O. 16 ....... . ....................... • • • -• · · -- • • 
Sodium sulphate . . . . . . . .. .. . .. . .. .. .. .. . .. .. O. 42 O. 03 0.18 ... • • • .. -- · -- • 
Magnesium sulphate . . . . .. .. .. .. • . . . . . . . . .. . 2. 30 . . .. . . . .. . . . .. .. . .. . ..... . ...... · .. · · · · · 
Calcium sulphate .. . .. . .• .. .. . 1. 35 3. 27 1. 20 1. 24 .......... · · · · 
[{;if t:tvJi1J}}f i:-: ~::::::::: : : : : : : : : : : : : : : : : : : : : : : ~: ;~:: : : : : : : : t ~;:: : : : : : : : : ~:ii:: ...... .... 5: 25 
Sodium chloride............... 0.15 O. 79 o. 85 O. 98 ....... . 2io_-25 
Magnesium chloride . ... .••••. 0.17 ............. . ........................... ............ • 
Calcium chloride . ............. 1. 5 l ....... .. ....... -- · · -- · -- · .. -- -- · -- · · .. -- · ..... ····ii io i ?tssium chloride ........... . ..................... : ..... . ........ • .. -• - • • • • • • · · · · · · --
2
_ 16 S1~_iumbchlo;-ide . .. . ......... . ........ ..... . .............. .............. ...... ....... . Trace 
S
od!um . rdo_md 1de . ..................................................... -. -..... • • • •.... O. _ 
0 IUID 10 1 e . . • • • • . . • • . . • • . . • • • • • • . . • . • . . . • • . • • . • • • • • • . . . . . • . • • . . • • . . . . •••... · • • · · • 
lWci;t::::: : : : : : : : : : : : : : : : : : : : : : : t ~~:: · · · ..· --nr J ~: :; t : ~ ~ ~: ~:: ~: ~~:: ·::::::::: i.: =: 
Organic matter ....... ·. . . . . . . . . . ........... : . O. 57 . .... .... . .. ... .... -.. --• • • 
Total. .................. . 
a Wayne and Locke, analysts. 
b E. S. Wayne, analyst (1882). 
23.17 44. 90 26. 79 
• N. W. Lord, analyst (1883). 
d .A.. Fennel, analyst. . 
INDIANA. 
18.11 I 
• J . Lang Cassells. 
303. _, 
With the exception of Missouri, Indiana is credited in our list ~--i• 
more min~ral•spring localities than any other of the Northern Central 
States. The geological formation being tbe same as in the neighboring 
States, we naturally find that the springs are also similar, and,·~ · 
Ohio, I1linois, and Kentucky, the sulphureted and chalybeate wat -
are most abundant. About the same number of localities are utiliz 
for resorts as in Ohio and about as many of the waters are u ed 
mercially. We are able to present twice as many analyse a in h 
case of Ohio, but there are still some twenty-four pring the chemi 
characters of which are unknown. Brine springs exist in variou I -
tions of the State, but do not seem to be so numerou a in Ohio. 
springs mentioned in the State geological reports of Prof. E. T. 
form the basi of the li t, and from the same source also many o 
analy es ha-ve been·taken. 
(262) 
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Mineral springs of Indiana. 
--------- ---------,----,---,--,-------, --~~~------------
al '"' ~ 
Name and location. 
<1) 
b.11 A ~ -~ <ii i:i p. 
~~ q) <ii ~ Character of the .... ~c 0 bl.O s water. '"' .El.cl <1) <1) ,.0 
t,:: A ~ a c ~ <1) z E-t 
Remarks . 
Ague Chalybeate Springs, near Pike-
ville, Pike County. ··;··:::::::.J:::::::::::::::::: Unimproved • .Albert's Sulphur Springs, between 
French Lick and West Badon, 
Orange County. 53 Chalyb·oato ..... Has a local reputation. .Anderson Spring, on Fall Fork Creek, .... ......... . 
Bartholomew Countv . 
.Anderson Mound Spring~ 3½mileseast .......•.............. do ........... Unimproved. 
of Anderson, Madison vounty . 
.A1tesian Well (900 feet), Rensselaer, 1 1,200 51 Sulphurotod .... Improved. 
Jasper County. 
.Avoca Mineral Spring, .A. voca, Law-
rence County. Chalyboate . . . . . Has local reputation • .A.zalia Mineral Springs, 2 miles north . . . . . . . . . . . . . . 53 
of Azalia, Bartholomew County. 
50 .... do . . . . . . . . . . Local resort . 
Barlow's Tht1rmal Woll, Shelby Co . . .. . . . . . . . . . . . . . . . Snlphurotod .... 
Benham's Carbnreted Saline Well, near ... . . . . . . .. . . . . . . . Saline ..... - . - .. 
Mifflin, Crawford Count.v. 
Blue Lick, Blue Lick, 1 mile east of ......................... .... ....... 'Unimproved. 
Charlestown, Clark County. 
Boyer Sulphur Springs, Williamsport, . . . . . . . . . . . . . . . . . . Sulphuroted .... 
Warren County. 
Cameron Springs, Warren County, 4½ 
miles northwest of Attica. 




2+ 1,100+ 50 Calcic, carbon- Resort; water to be sold 
atod. in future. 
Chalybeato ..... Resort. 
Ohalybeate springs: 
lusoc. 8, '1'. 8, R. 10, near Graysville, ...........................••....... 
Sullivan County. 
~:FJtflL!!Jl;f~;;tt :::::: :::::::: :::: :::::::::::::::::: 
Delaware Countv. 
In Rochester, Fulton County ..........................••.•...•....... • 
Ohalybeate and saline springs: 
~ ~rot;aco~~~;t!.:::::: -: : : : : : : : : I:::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
In sec. 11, T. 21, R. 8,Warren Co 1 .... .... .......... •··· •· • •···· •····· N oar Brownstown, Jackson County .••••.............................•. 
In J offersonville, Clark County. . . . . . . . . . . . . . . . . . . . . . . ........•........ 
Near Scottsburg, Scott County.... .... .. .. ...... . . . ..... ....... .... . 
South of Williamsport, Warren . .... . .. ...... . . . . Saline, chalybo-
County. • ate. 
c1a1!t!~tf~1l~II~~::~~~~~~:: :::::: :::::::: :::: :::::::::::::::::: Unimproved. 
Coats's Spring (same as Wost Sara-
toga Springs). 
Corydon Artesian "'{I ell, Corydon, Har- . . • • . . . . . . . . . . . . . . Saline, sulphu-
rison County. reted.-
De Gonia Springs, De Gonia Springs, 2 55! Saline, chalybo-
·warrick County. ate. 
Eaton's White Sulphur Woll, soc. 35, .............. 59 Saline, snlphu-
T. 3, R.1 E., Crawford County. roted. 
Fair Ground fiprings, near Lawrence, ................................... . 
Marion County. 
French Lick Springs, French Lick, 13 1, 100+ 55 
Orange County. 





tlo, Putnam County. 5 { 5 
Hartford Sulphur 8prings, Hartford, ........•......... 
Ohio County. 








Chalyboate tholornew Count,·. 
Hawkins's Chalybeato Springs, Rich- .•••••............ Sulphurotod, 
Resort. 
Do. 
Used commercially and 
as a resort. 
Resort. 
Do. 
Has a local reputation. 
mond, Wayne County. chalyboato. 
Higgins Spring, near Orangeville, ........... s.. . . . . . . . . . . . •• • • • . . . . . . Unimproved. Oran~e County. 
Hosea Saline Sulphur or Now Point 






Used commercially and 
as a resort. 
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Mineral springs of Indiana-Continued. 
Name and location. 
Hnffstetter's Chaly beate Springs, near 
Orleans, Orange County. , 
Indian Sprjngs, sec. 7, T. 4, R. 3, near 
Shoals, Martin County. 
Indian Springs, Trinity Springs, 9 
















····--· ...... Chalybeate ..... 
Rlmarka. 
Has a local repn · 
Used commercially 
as a resort. 
Has a local repnta · Inlow Springs, 4 miles southeast of 
Muncie, Delaware County. 
Kannal Spring, Rensselaer, Jasper 
County. 
1 1,800 53 Sulphureted . . . . Improved. 
King's Miueral Springs, 1½ miles south 
of Wilson's Switc:b, near Blue Lick, 
Clark County. 
Knightstown Springs, 2 miles from 
Knightstown, Henry County. 
3 150 48 . ................. 
1 
Used oomm&cially. 
. . . • • . . . . . . . . . . . . . Chalybeate .. . . . Once used as a • 
1 now occupied by 
I diers' Orphan Hom 
La Fayette Artesian Well, La Fayette, 480 58 Saline, sulphu• / Used commercially. 
Tippecanoe Coullty. reted. 
Lambden's Mineral Springs, on Lost ................ • • .S .. a.lm·· e··, ··s·u·l·p·h·u··.·1 Unimproved. 
Riv-er, Orange County. 
Lodi Artesian Well, sec. 35, T. 18, R. 8, . ................ . 
Fountain Countv. reted. 
Mayfield's Spring: Pleasantville, Sul· ....... ...... ..... ............ ..... • 
livan County . 
. \farion .A.desian Well, Marion, Grant ............. 51§ Chalybeate .... . 
Do. 
County. 
Milburn Springs, near Winslow, Pike 3 ..•..••......••. do ....... .... Resort. 
County. · I 
Minerva Mineral Spring, near Law• ...... .. ..... .................... ... 
1 rence, Marion County. · 
At Centreville, Wayne County ...................... Sulpbureted .... Local reputation. 
Mineral springs: · I . 
Near Blue Lick, Clark County .................................. - . - . ---
In Ca.r Township, Clark County... . . . . . . . . . . . . . . . . . . •. • • • • --• · · · · · · · · . d 
Near Htn ry,illt', Clark County.... . . . . . . . . • . . . .. . . . . Saline .......... ' Ummpro,e · 
At Kew .llid<lletown, Harrison Co ........••......... Saline, sulphn• Resort. 
rated. 
NearMnrlcly Fork, Monroe Town• ............ .. ................... . 
ship, Clark Connty. 
At New Providence, Clark Cot>nty ....•...............•••••...•....• • • • 
NearPleasantviile,SullivanCounty ..••.•.................•.........•.. 
Near Rensselaer, Jasper County .......•.•.......... Sulphureted ... . 
Near Maywood, Marion County .....•.. .......•. ............... -... • •· 
In section 17, Greene Township, . . . . . . . ............................ . 
Jay County. 
In section 35, Noble Township, .... ~· ............................. . 
.Jay County. 
In Warren Co., nearCameron Spring ..... · 1 · ............................ . 
Near Ilomer, Rush County . .. . ....................................... -
Near Coesse, Whitley County ..... . .... .. ...... .. .........••••••.••••• 




~}: 50 .... do .......... . 
Mineral Sprin_gs and Artesian Wells, . . ~ ................ .••.•...•.. 
~ear Rushville, Rush County. 
Mineral rtesian Wells, We t Rush• .. . . . . . . . . . . . . . . . . Cbalybeate ..... 
ville, Ru h County. I 
Min ral Well, .i.:Tew· Mount Pleasant, ........... Saline ......... . 
Jay County. 
Ott'a W ·11, Mifflin, Crawford County .. .... ... . .. ........... do .......••.. 
Peacock Sprin_g, ½ mile from R n se-i 1 5 6tOO ~ 62 Sul b ted Iner, ,T p r County. S h, too 5 P nre · · · · 
Ro be~!er Cbalyb t pring, Roches- ! ...... I ............................. . 
. ter, ,, ulton '01;1n1y. I 
a.And 
1
9r "k ::\.lln rnl pring, near l 500 64 Cbalybeate . . . . . Unimpro.ed-
z in, Bartbolom w ounty. I 
(264) 
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~~ <JS" IJl "' Character of the Name and location. .... dip ::, Remark8. 0 bllo 1e water. "' .a..c:l "' Q Q 





Shelbyville Thermal Well, Shelbyville, . . . • . . . . . . . . . . 76 ...•••..•..•...... 
Shelby County. 
St. Ronan's Well (30 feet), Boone 1 30 50 Saline •.•...•... Resort. 
Township, Warrick County. 
Sulphur springs: 
At Sulphur Springs, Henry Collllty . . . . . . 80+ 30 Sulphureted.... Local reputation 
One and a half miles eaat of Henry- . . . . . • . • • . . . . . . . . . . . . . . . • . • • • • . . • . . . Unimproved. 
ville, Clark County. 
Near Maywood, Marion County. . . . . . . • . . ........... ---.... • • • • •. • - • • • 
Near Rensselaer, Jasper County ........................... -....... • • -
In Lawrence County . ........................ - . - ... - • • • • • · · · • • · · · · · • · • 
On Flat Rock River, southern part .......................•....... -- - . -
of Sh~ll.Jy County. 
In sect10n 17, Greene Township, ...•............•. .......•.•••...... 
Jav County. 
In section 35, Greene Township, ................•.......... ····· : · • • 
Jay Collllty. · 
Sulphur Well, 8 miles south of Mifflin, ................................... . 
Crawford County. • 
Tar Springs, sec. 15, T. 3, R. 1 west, ..•••............. Saline ...•...... 
Crawford County. 
TeITe •Haute Artesian Well, Terre .••••............. 
Haute, Vigo County. 
Thomas's Mineral Wells, Fountain Co .................. . 
Trinity Springs, Trinity Spri_ngs, Mar- 3 18, 000 57 
tin County. • 
Van Cleave Mineral Springs, Craw-
fords,ille, Montgomery County. 
Vickerman SpringR, sec. 7, Nineveh 
Township, Johnson Cotinty. 
. ........ ... . 
Saline, sulphn-
reted, 












West Baden Springs, West Baden, 
Orange County. 
1,500 57 Alkaline, saline, Used commerctl!J.ly and 
sulphureted. as a resort. 
West naratogn, Springs, West Sara- ............. . Carbonated . . . . . Do. 
toga Springs, Pike County. 
White Sulphur Springs, Pike County ... . ................................. . 
White Sulphur Springs, Bedford, Law- ................................... . 
1·ence County. 
White Sulphur Springs, Indian Creek 
Township, Lawrence County. 
Wyandotte Spring, 5 miles northeast 
of Leavenworth, Crawford County, 
(265) 
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Con~tituents. 




Benham's De Gonia Eaton's 
Carbureted Springs: White Sul-






Solids. Grains ptr Grains per Grains Grains per Grains per 
imp. gallon.• imp. gallon. b per gallon. 0 imp gallon. b ·imp. gallon.• 
Magnesium bicarbonate....... . . . . . . . . . . . . . . 215. 23 . . . . . . . . . . . . . 20.16 11. 35 
Calcium carbonate . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16. 00 .................... . .• .... 
Calcium bicarbonate . . . . . . . . . . 10. 90 795. 91 . . . . . • • . . . . . . . 57. 02 24. 6!t 
Iron carbonate . . . . . . . . . . . . . . . . 1. 18 10. 71 4. 00 2. 38 2. ~6 
Sodium sulphate . . . . . . . . . . • . . . . . . . . . . . . . . . . 25. 84 25. 00 13.15 9. i 
Potassium sulphate . . . . . . . . . . . . . . . . . . . . . . . . . 28. 06 7. 00 6. 48 L 57 
Magnesium sulphate.......... . . . . . . . . . . . . . . 104. 54 56. 00 52. 77 14. i6 
Calcium sulphate . . . . . . . . • . . . . 6. 67 34. 82 4. 00 13. 75 f J~,J!i!Ki~:::::::::::: ::::::::::::: ::::•:~~~: ······ --:: ::::::ioo:~ ::::::::~ ' 
agnes1um oxide .. __ .. _... . .. .. . Trace ........ ...... ............. ........ . -.. -.. - -. -• • - .. • --• ---· ---· · · · 
Alkalies. . . . . . . . . .. . . . . . . . . . . . . Trace .... -- - - - --- - • ----• -• • · · · -· · 
Silica .. - - .. - . - - .... -- - - . - .. - - . . - -. .. ..... - - - . -- . . : : : : : ~ : : : .: : : : ~ ... -..... - -a: Oo .. --.... --. . . . . . .. --.. -... . -. -. 
Alumina...................... Trace .. ...................... . .. .............. •····· ········ 
Iodine......................... Trace ............................... - . - .... -- -· •····· ···· ··· · 
Insoluble silicates........ ..... 1. 66 ....•..••...................... - . - - - - - -- - - -·· · · · · · · · ·· · · 
Loss and undetermined . . . . . . . 3. 59 .•••......................... --. - - -- - - -• - - · · · · · · · · · 
]21. 00 316. 24 14-L Total...... . . . . . . . . . . . . . . 24. oo 7, 240. 80 
f===d=~==t====~====I==== 
Gases. Grainb 
Ou.bic inch. Oubic inches. per gallon. 
Carbonic acid . . . . . . . . . . . . • . . . . 6. 4 73 . • . • . . . . . . . . . . 4. 00 - ·• · · · · · · · · · · · · · · · · · · · 0_-7:; Sulphureted hydrogen . . . . . . . . . ....................................... -. ---- - - -- • · · · · · 
French Lick Springs. Greencastle Spring . 
Constituents. 
Proserpine 




Solids. Grains per Grains per Grains per Grains per 
winegallon.d imp. gallon.• wine gallon.£ imp. gallon.& 
Sodium carbonate............. 10. 52 4. 80 . .. . . . . . . . . . . 0.12 
Magnesium carbonate...... .. . 4. 50 52. 71 1. 59 5. 64 
Calcium carbonate . _ .• . . . . . . . . 20. 29 40.18 6. 95 17. 47 




Iron c_ai;bonate . . . . . . . . . . . . . . . i 2_ 49 f . . . . . . . . . . . . Trace 0. 49 Alum1n1um carbonate ............ J l ---····- ---- ............ ---· ............ ... . ....... .. . .... .. ·•;,. 
Sodium sulphate . . . . . . . .... _. 36. 72 4. 07 22. 37 I O. 16 
iti:;_:~i:ms~;Ft~:!t; :::: ::: ::: ···· ·· --20:aa · 6Ui ········is: i2·1 ······ · ··i.-26· ··:::::::. ~:~: 
Calcmm sulphate ........... _. 141. 00 15. 61 60. 59 .... -. - -• -· · · · · · 
Aluminium sulphate.......... . . . . . . . . . . . . . . 5. 98 .....•.............. - . - -- -- - · ····· · · ··o.--
Soclium chloride............... 90. 92 141. 90 140. 54 O. 95 
lJf [/~a[.@j!! !!( /L!!:i;; {;;. •::i; .·;ij .!) :; J~~:!!!!!!! !I;;/':!:;!!'. f )!:i!i 
Total .........•........ . -35o.52 376. 38 256. 05 ,--~ 
Gasu. 
iubonic acid . . . . . . . . . . . . . . . . . Oubic f rff :· Oubic if~~-
0 ulphuret d hydrogen....... . 17. 000 6. 717 
·f&~/ n. ::: ::::::: :: ::: : :: : : : : ::::::::::::: : 1:: ~ 
• E. T . Cox, analy t (1 78). 
! ii,r· Lev tte, analy t. 
4 J. • Roi rs, analy t (1869). 
(266) 
•E.T. Cox. analy t (1 ,4). 
t ;J. G-. Rorrer , analv~ . 
c E. T. Cox. analy t (1 i'O). 
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Sodium carbonate .... ..................... . 
~j~hle;;~b~~~~~~~::::::::: :::::: ::::: ::: 
Calcium bicarbonate . . .. . . • . . . 11. 34 





















· · · · · · · · o: 66 · · · · · · · · · · o: 40 · · · · · -· · · · · · i' si 
2. 01 12. 02 16. 80 
........ i' 89. . : : : : : : : : : : : : : : : : : : : : ~ : : : : : : : .... -..... o: 04 
Ferrous carbonate ... __ .. __ ..... . 0. 23 ........ - . .. - - . . .. - - . - - . -- •· - ~. -- - - - - - - - · - - - · · - - - · · - - - - - - - · 
Sodium sulphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14. 20 2. 13 . ....... • • • • • • .. • • • • · · • · · - · · 
Potassium sulphate . . . . . . . . . . . . . . . . . . . . . . . . . 2. 88 0. 80 . . • . . . . . . . . . . . . .. - • • • • • • · - · · 
Magnesium sulphate . . . . . . . .. . 1. 92 36. 48 3. 26 . • . • . .. .. . . . • . 4. 06 
Calcium sulphate. ............. 14. 03 . . . . . . . . . . .. . . 55. 56 56. 01 ...... • • • • • • • • 
~}~7~~;:ii:::tt:~: ~ ~: : : : i : : ~ ~ ~::::::::: ....... ~:_ ;; .. _::::::: : i.: ~&:: : : : : : : : ;&_: i~ ~: .......... i: 79 
Sodium chloride............... O. 40 47. 26 502. 46 324. 77 · • •• •• · • • · o: 39 
Calciumcbloride........................ 0.39 ................... 47.93 3.72 ................... . 
Magnesium chloride . . . . . . . . . . . . . . . . . . . . . . . . . 07 53. 54 21. 66 ...•.•... • • - • • 
Iodides . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . .. Trace . . . . . ......... • • • • • • • • • · · · .. -- · · 
Bromides.................. .... . . . . . . . . . . . . . . Trace ............................ . • • • • • • • • · • -- · 
Magnesium bromide ...... .... ...... .....•.. ......... .. ... 0. 88 ........... - - • •····· • ·· .. · .. 
Iron oxide. .. .. . . . . . . . . . . . . . .. . .. . . .. . . . .. . . . O. 01 . . . . . . . . . . . . . . . . . .. . . .. . . . .. . • • -- • • - · · · · · · 
Silica . . .. . . . . . . .. . . . . .. .. . . . . . . . . .. .. . . .. . . . O. 54 O. 52 0. 46 1. 61 
Alumina . .. . . . . . .. .. . . . . . . . . . . .. . . . . . . . . .. . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 35 
f~ri:~~~~: :: ::: :::::::: ::: : : : ::::::. ::: : ::: :::: :: : : : : : : : . :.::: :: : : : :: .- .-: i~:~: :::: :: : : :::::: 
gf*;H:iftt~~~~~:!~~~~~~~:: :::::: ::~~~~:: :::::::::::::: :::::: ::~-:~~:: :::::: ;~~~~:: :::::::::: :::: 
Nitrogenous organic matter __ . . .......... _.. . . . . . . . . . . . . . . O. 80 ...•............•. - . - - - . - • - • 
Silicates_ ...... . _ . __ ... _ . . . . . . . o. 19 .......... _ . . . . . . . . . . . . . . . . . _ .... _ ..... - . . . ....... - .... -
Total. -........... _ ... - - . 32. 34 196.45 
Gases. 
Oubic inches. Oubic inches. 
Carbonic acid ... _ . .......... _. 5. 1643 11. 500 
Sulphureted hydrogen .. _ ........ _.......... 4. 000 
iii~:~~:::::::::::::::::::::: : : : : : : : : : : : : : : t m 











Solids. Grains per Chains per Grains per Grains per 
Sodium carbonate .......... _ ......... _ ..... __ i~_-. ~~~l-~~--•. _i~---~~~l~~-~ . . ~rr:-_~-- ~~~~~--a. imp. gallo(\~{4 
Magnesium carbonate ........ --··-· •••......... -.... ··-······-----·--··.............. 4.93 
.Magnesium bicarbonate ....... ,-·-······.... 107.04 2.49 ·-·- ..... ... . . ---·······-- .. 
Calcium carbonate ......... ... ---· ................... ·-· ......... _ ... _.. 88. 20 6. 71 
Calcium bicarbonate .. . . . .. . . . . . . . . . . . . .. . . . 401. 09 25. 93 . _........... . •...•........ 
Potassium carbonate .................... ··-· ........ ................................ -~ 0.08 
Iron carbonate ........ _............. . . . . . . . . 14. 66 4. 51 ....... _ .... _ ............ __ . 
Sodium snlnhate .. .. . . . . • . . . . . . . . . . . . . . . . . . . 29. 00 4. 24 393. 76 O. 42 
ii°tassium sulphate .. . . .. . . . . . . . . . . . . . . . . . . . 11. 10 2. 03 111. 25 0. 11 
agnesium sulphate ................ . . . . . . . . 42. 75 10. 80 11. 33 5. 00 
f lif !~ 1{~\\\l'.'.'.'.'.'. :;\t\:\: \. :;i;; :,:11::: \ :: :l\!\ll\ \ :: y::1I~\: ·;· .... ~li . 
Total.. ...... - . -.. .. .. . . . . . . . .. . . . .. . . . 5328. 75 50. 00 \ 897. 29 32. 08 
, .• ··········•1=1············· 
<Jaa. 
Sn.lphureted hydrogen ..................... . 
• E. T. Coxi analyst. 
bJ. C. Poh e, ana1ye1J. 
•C. M. Wetherell, analyst. 
d With oalcium fluoride, iron peroxide, and alumina. 
• G. M. Levettt'l, analyst. 
r,John F. Elsom, analyst (1883). 
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Analyses of mineral springs in Indiana-Continued. 
Constituents. 
West Saratoga, Springs. H 
i-----------1 Terre .ante Thomas's A-W:ii:m Mineral Well. 





Solids. Grains per Grains per Grains per Grai111 per 
imp. gallon. a imp. gallon.• gallon. b Parts in 1,000. gallon.' 
Sodium carbonate ..... _ ........ _............ . . . . . • . . . . . . . . •... -..•.............•.... ·. ·• 
Sodium bicarbonate ...••.......•. _ ....... _ ............. _.. 0. 52 ............. ............. . . 
Magnesium carbonate......... ..........•... ............ .. .............. ...•.... ...... 3. 
~i~~e~i~:~~~~~o-~~~~::::::: :::::::::::::: :::::::::::::: .••..... ~:~ .• ········i:84·· ........ .. 9 .. 
Calcium bicarbonate . __ ..•••••....... _...... . . • . . . . . . • • • • . 25. 03 ..................... ...... . 
Potassium carbonate._........ . • • . . . . • • •• • . • . . . . • • . . . • . . . . . •• • . . . . . •. • . . .. . .. .. . . •• . .. 0. t 
Iron carbonate ....... __ .............................................................. • 0. 
ifi~~~~!i!i~~~~:::::::::: :::::::::::::: :::::::::::::: :::::~::~.:~i:: :::::::iii::······· ... ~ ... 
~iiit~F£i!!t:::;:::::::: :::::::::::::: :::::::::::::: !~~i :::::::i~.:~i:: :::::::::i;: 
Calcium chloride . _... . . . .. . . • . . • . • . . . • . • . • • . . • .. . • .. . . .. .. 4. 82 3. 68 ......... •· .. . 
Potassium chloride ........•••.......•••... .". .. . . . . . .. . . . . . 1. 29 •···· 
Magnesium chloride .................... ~... . . .. . . . . . . . . • . 6. 43 0. 91 .. • • • • • • • .. · · · 
.Alkaline chlorides .. __ ...•.••. . • . . . . . • . . . . .. 3. 9l:: ........................... • 
Magbesium bromide . _ .... . ..........•....•...... _.. . . . .. . Trace ............ -- · ·· · · · .. · .. · ·· 
Calcium oxide................. 2. 43 3. 94 .••.•...... - - . . -.......... -• -··· ·· · -· .. . 
.Alkalies....................... 0.17 ..........•..... - ...... -- - . - • • - • • - - • •···· · · ·· ····· ······ 
Ferric oxide ...... _............ 2. 25 2. 07 ............... -· ..... •····· ··· ··· ···· ·· 
i~~t:::;);;;::::;;:;;: :::::::ii{ ::::::: ~i r::::;:~l L:::'.t1 :: : : t · 
Sulphuric acid................ 8.75 3.85 ............................ ............ . . 
Phosphoric acid .. ...... __ .... _ 0. 64 1. 26 .•..••.• - ...•.. -••.. -• -··· 
Nitrogenous organic matter. __ ..... __ ---- ........ ........ _ _ 1.10 ---- .... ---- --- · ········ ·-··· · 
Insoluble matter .. _. __ .•.. . . . O. 56 1. 04 .......... - . -.. -- .... • • -- -· · ··· · ·· -· ···· ·· 
Gaaes. 
Carbonic acid .••••••.......••.... .. .•..••••..... . ... --·- .. 
Sulphureted hydrogen _ .....•..•••.. _ ....••..••........... 
'.l.'otal. ................ _ •. f===l;:;;6;;,;. 2;;8~l==,;1.;;9.;4~9=l==~36~5=. 0=7=/:===84=. =81=,=====-c:: 
=: ········~:~ .. 1:::::::::::::· 
•E.T. Cox, analyst (1875). 1t;r. G. Pohle, analyst. • T. M. Stevens, analyst.. 
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.Analyses of mineral spring.~ in Indiana - Continued. 
Comtituents. 







Well. Spring No. 1. Spring No. 5. 
Grains per Grains per Grains per Parts in GrainB' in 
imp. gallon.• imp. gallon.• imp. gallon.• 100,000. b 1,000 ou. cm.• 
Sodium carbonate............. 1. 34. 11. 64 ..••..•..•.....•••.......•..••••..•..•..•• 
Magnesium carbonate......... 47.00 7.26 .•.•••••.•.••..••..••..•.....••..•..•..•. 
Calcium carbonate ........ . ... 49. 66 22. 35 3. 89 .••••....•..•..••••••••..••. 
Calcium bicarbonate . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30. 353 ............. . 
Potassium carbonate.......... O. 75 . . • • • • . . . • . • . . . ........................................ . 
fi°~~1~:t~boii:~i~::::::::: :::::::::::::: l 3.6o{ ...•••.. ~·.~~-· :::::::::::::: :::::::::::::: 
Sodium sulphate . . . . . . . . . . . . . . 3. 73 38. 13 2. 21 . • • • . • . • • . . . • . • ............ . 
Potassium sulphate .. . . . . .. . . . 1. 64 . . . . . . . . . . . . . . . 1. 04 .••..•...•..•••••••••••••••• 
Magnesium sulphate.. ........ 43. 39 33. 33 29. 49 .•...•••.••••.•••••••••••••• 
Calcium sulphate . ...... .•.•.. 13. 42 130. 07 6. 45 3.173 •••.••••••••.• 
tJdi~:i~hloriJ~~~t~.: ::::::::: 9g: ti · · · · · ·· 97.-46 .. · ··· · · ·· o:5s·· ······ · · o:5iJs· :::::::::::::: 
Calcium chloride........ . . .... 8. 73 .••••••........••..••••••••••••••....•.•.•.•..••.•••••• 
Potaasium chloride.... ........ .•• • • . . . . . . . . . 7. 36 .•.•.••..••••.••••••••.•••••.••••••••.•••• 
Magnesium chloride........... 13. 69 11. 04 . • . • • • . • . • • • • . • • • • • • . . . • • • . . . . • • • • • ..... . 
Iodides . . . . . . . . . . . . . • . • • . . . . . . . Trace . • • . . . . . . • . • . . . • • . . . . . . • . . . . . . . . . • . • . . . . . . • •••••........ 
Bromides.......... ............ Trace ......................................... , ............. . 
t~f:!i~~3f~~.::::::::::::: :::::::::::::: :::::::::::::: :::::::: :::::: ·······~~-.~~~. 2i: ii 
Iron oxide................. .... 0,10 .............. .•••••......•. ••••••..•..... Trace 
Silica . .. . . . . . . . . . . . . . . . . . . . . . . O. 53 . • • . . • • . • • • • • • 0. 20 1. 653 .•••.•........ 
Alumina................... ........ ....... ..... .............. ......................... Trace 
Sodium.................................. ... ........................................... 0.40 
Chlorine . ...................... . ... ....... ... .•.... ........ ..••... .. .. ... . . .. ...•...... o. 62 
Sulphuric acid . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65. 20 
Carbonic anhydride (dioxide) .. ,,............. .•...... ...•.. 5. 69 .••••. ..... ... Trace 
£~~:~i·c· ~~~~~:::::::::: :::::: :::::: :: :::::: :::::: :::::::: ........ s:s2·. :::: :: :: :::::: .... .... :.~~~~ 
Total. .................. . 282. 99 362.U 55.30 46. 048 96. 72 
Gaau. l=====l=====l=====l=====I==== 
<Jubic inches. Oubic inches. 
Carbonic acid . . . . . . . . . • • . . . . . . 7. 447 11. 116 
Sulphnreted hydrogen . . . . . . • . 6. 821 2. 505 
~flri~n:::::::::::::::::::::. 2~:m 1i:m 





...••. ..•••••• 1.05 ..•.....•.•... 
··•••••••••••· 4.46 .••••••••••••• 
• F. W. Aohillee, analyst (1877). 
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ILLINOIS. 
The State of Illinois appears to have a fair proportion of minera 
springs, although so far as known very few are utilized either comm -
ciall~ or as resorts. Ohalybeate, sulphureted, and saline water · p -
dominate. Brine springs are found in a number of counties. 
The most prominent source drawn upon in the preparation of the 
given here has been the Economical Geology of Illinois, by A. H. 
Worthen, published in 1882, which republishes from the original · 
volumes on the geology of the State all that relates to its economi 
geology. Comparatively few of the Illinois mineral waters have bee 
chemically analyzed. 
Na.me and location. 
Mineral springs of Illinois. 
"' i 
1'>:t 





.Alcyone Mineral Springs, Western 4 2,400 50 .................. Used commercially. 
Springs, Cook County. Resort . 
.Artesian Well, Illinois City, Rock ..................... -. • ... • -• • • • • • • 
Island County. 
Carburetecl Spring, 4 miles northwest .................. Carbureted and 
of Decatur, Macon Uounty. sulphureted. 
Ohalybeate springs: 
ln Boone County .................................. - . • • • • • • ... • • • • ··• •• 
On Cache River, near Ullin, Pu- ................................... . 
laski County. 
On Cedar Creek. near Reynolds• .................... • - -- • • -- • • • • · · · · 
burg, Johnson Countv. 
Near Fairfield, W ayno County ........................ -- ... -- . -• .. • -- · 
Near McLeansborough, Hamilton ................................... . 
County. 
Near mouth of Saline River, Har• ................................... . 
din County. 
In sec. 2, T. 6 N., R. 5E., Effingham .............................. • • • • · · 
County. 
In sec. 29, T. 11, R. 9, Hardin Co .... /-····· ........................ --···· 
In sec.12, T.12, R. 4,Johnson Co ................. , ..................... . 
In sec. 29, 'f- 19, R. /i E., Piatt Co . .. 
1 
.................. •········ .. --·•··· 
In sec. 25, r. 11, R. 6, Pope County ....... I. .. ....................... • • • • 
C\~rr~:ad~e::.
1~~i~!:1 c~!it;nd 1 · .. - · · -- ······I···· · · · · · · · · · · · · · -- .. . 
De Foe's Mineral Well, McLeans• . ............. 1 .... Chalybeate .... . 





. ....... do ........... Re ort. 
Count.v. 
Ganymede Spring, near Oregon, Ogle 1 3,000 . . . . .Alkaline........ Water is 
County. 1 sale. 





~ Saelaintee'. chalyb•} I R ort. 
Jatferson County. 5 ~ 5 
Glen Flora Springs, near Waukegan, 2 250 45 .Alkaline ....... . 
Lake Connt,. 
:it~:ti)!J~i~i{?~:;~r:.·a:· :~~~~~ :~:::j:~~: -~~::~~.t~::~: 
R !I, Kendall Connty. ' ' 
McDaniel' llinPral pringe, north of ...... ...... .. .... aline. sulphu• Unimp vecL 
~cLean boroul!h, Hamilton County. reted. 
,llinnal apringa: 
In cc. 27, 1'. !l, R. 8, Gallatin Co .. ...................... do .. ........ . TnC~~~/
1
~_1'.11. ., R. 2W., Calhoun ......... ... .......... do ......... .. 
O t ,Jui!town, Grandy County .............. .. . .. .......... ........... . 
n fazon Cr k, Grandy County . . . . . .. . . . . . . . . . . .. Snlphureted .••. 
(270) 
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Mineral springs of Illinois-Continued. 
al lo< ... ll, 
b.O A ,Cl A dl 
·r::: !I) 
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Mineral springs-Continued. · 
In sec. 6, T. 32 N., R. 8 E., Grundy ................. . 
County. 
0 
Sulphuret ed . • •. 
In sec. 23, T. 35, R. 8, Kendall Co ..................... ... . . .... . ....... . 
In sec.16, T. 35, R. 8, Kendall Co ................ -. - . . . ~~fn~u~~~~~-:::: 
Opposite Buffalo Rock, La Salle Co .............. .. .. . 
.A.t Lowell, La Salle County . . . . . . . . . . . . . . . . . . . . . . . . . Saline, sulphu-
reted. 
On Clark's Run; near Utica, La . . . . . . . . . • . . . . . . . . Saline, sulphn-
Salle County. . reted. 
At Warsaw, Hancock County.... .••... . .. . . . . . . . . . Saline, chalybe-
ate. 
In sec. 22, T.11 S., R. 2 W., Union ... . . . ... . . . . . . . . . Carbureted ..... 
County. 
In Washington County .......... . .......•............ -. . .. --- -- --· - --
At Erie, Whiteside County .......................... . ................ . 




Perry Springs, Perry Springs, near( 54t 8! 
Perry,Pike County . 5 3 ········ !5i5 
Pbifer's Chalybeate Springs, sec. 31, T. . • . . . . . . . . . . . . . .. 
Saline, sulphu-i Used commercially and 
reted, and cha- as a resort. 
lybeate. 
Chalybeate .... . 
_6 N., R. 2 E., F ayette County. . 
Rmnah Wells Springs, near Andalusia, 
Rock I sland County. 
Carbonated ... . . Used locally. 
Rockford .Artesian Wells, Rockford, 
Winnebago County. 
Ross Mineral Springs, Prospect Hill, . . . . . . . . . . . . . . . . . . s ·aline, sulphu-
Saline County. reted. 
Sailor's Springs, Sailor Springs, Clay .................. .. . ...... ........ . 
County. 
'chu.vler County Spring, Schuyler .............. .. .. Saline, chalybe-
Connty. ate. 
Spri~g Valley Springs, 3 miles east, of 20 2, ooo+ 52 Saline, sulphu- Not improved as resort. 
Utwa and 7 miles west of Ottawa, reted. 
La Salle County. 
So.lphur Powder Spring, near Buck 
l:iorn, Brown County. 
Unimproved. 
Versailles Mineral Springs, near Ver-
sai 1les, Brown County. 
Alkaline. . . . . . . . Once a resort. 
Vo1-ia & Co.'s Artesian'Well, Tazewell ..••••............ Saline, sulphu-
Count_y, oppm,ite Peoria. reted. 
Wasson's Cbalybeate Spring, sec. 25, .................................•.. 
T. 11, R. 6, l'ope County. 
Western Saratoga Springs (hy~enic 2+ 1, 000+ .... Carbonated ..••. Resort. 
sprints), WesternSarato~ UmonCo. 
Zonian pring, near Elgin, ane Uo .....••...••..... 46 . •.••.•••• 
1 
••••••• Used commercially. 
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Ganymede Glen Flora 1-------,-------::-----
Spring. Springs. No. l. Middle No. 2. Upver No. 3. 
Iron Spring. Magnesia 
Spring. 
Grains per Grains Grains Grains , Graim 
imp. gall.• per gallon,b per gallon.• per gallon,d per gallon.a 
Sodium bicarbonate... .. .. . . .. .. .. .. . . . . . . . . . . 6. 45 ....................... ............. .. . 
Potassium carbonate.. .. . . . . . • . . .. 0. 903 ... . .. . . . . . . 1. 59 1. 45 
























......... ..... . 
Calcium bicarbonate.. 18. 69 ........... . 























Magnesium bicarbon. 13. 79 ..•... ...... .. 
ate. 
Iron bicarbonate...... . ... ........ ... .. . .....• 0.11 0. 55 0.40 
Sodium sulphate.... . . 3. 39 . . . . . . . . . . .. 1. 85 O. 44 1. 10 
Potassium sulphate. .. 4. 86 O. 156 ........................................ .......... -· 
Sodium chloride . . . . . . . . . . . . . . . . . . 0. 101 0. 18 .................................. ...... . 
lJ~:i!i:mc~~i!~1:::: :::: :: :::::: ..... ~:~~~ ... ::::::::::: :::::::: :::: :: :::::::::.:::: ············-
Potassium silicate . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . •2. 64 82. 28 '3.,.. 
Sodium silicate .. .. . . . . ..................... · /· . . . .. . . . . • . 0.12 0. 38 
Silica . . . . . . . . . .. . . . . . . 0. 68 0. 962 O. 91 ........................ ............ •·· • 
Oxide,ironandalnmina ... . . . . .. . . . 0. 081 ........................................ ..... •···· ·· 
~.1!:1~a~~~~~~::::::: ..... ri.'!i!i" :::::::::::: ni ............................ ······· . 
~~:h~t~~~~-~~.e.~>.:: ..... . ~--~~ .. :::::::::::: ~·~i~~~·-- :::::::::::::: ········ ----·· 
Total . . . . . . . .. . . . . 48. 08 20. 024 36. 41 38. 24 40.17 
Versailles Mineral Springs. Spring Valley Rockford 
Schuyler Springs. Artesian 
County ,----,-----.----,-----;-----Well, No. 
Spring. M ti I 1 
· No. 1. No. 2. s;~~- c No. 1. No. 2. · 
----------------------------------------
Constituents. 
Grains Grains I 
Solids. Grains per imp. per imp. Grains Grains Grains Parll in 
per gall.• gall.• gall.• per gall., ,per gall.h pergaU.h 1,000.1 P 
lri:ffig!;i ::::::;;: ::;~~t ::: _r:;:;·1: ;: : :;r):i:: J:: ;; .. 
Calc~um c~rb?nate . . .. . . . • . . . . . . . . . . . . . . . . . . . . . . . . 14. 60 / 8. 96 / 7. 28 , l ... ... . 
CalCium bicarbonate............ 17.43 23.22 ...... .. ...... •················fr 
Magnes!um c~rbonate .. _........ . .. . . . . . . . . .. . . . . . . 8. 95 I 3. 40 4. 00 ... '. _ ......•• -
Magne mm bicarbon• ...... .... 12. 57 11. 78 ..... .... . .... .......... . • •· 
ate. 
I~t!:~lrt ++ ++ 2Ht :}\ :;.:?,>~ i:: ;:: ::· 
Calcium sulphate. . . . . 73. 94 2. 08 . . . . . • . . . . Trace a. 84 1. 60 •·· ...... ·•• 
fifi~~if*~: )I !::;;;:;;: ::::::;;; :;:;;::: ,:,,:t;·a,;: ::-:::::::--. 
Sodium chloriclo ............. _ .. Trace I Trace Trace 34. 80 ~5. 28 
Caldum_ chloride._ ............................................ i 33. 72 18. 16 5 •· •· ··•· Jllagn~ mm c·hlonde ··1·.... .. . . .......... _ .................. 5 l ..... 
1 
.. . 
~ilica • . . . . . . . . . . . . . . . 1. 31 o. 82 1. 70 1. 40 • • . . • • • · 




; · .. 
Organic· matter....... . . .. ...... Tmce Trace ...,. 
1''c1ric oxide .......... 
1
•••• •••• • • ••••••• • • ••••••• •• • •••••••••••••••• •· • • ••••• _ 
Total.. ....•...... j lli6. OJ •44.62 ~ U.33 ~~I~ • --~--- • 
Carbonic~~- ........ /.~.b·~·~1~.}1;b~ ~11. <:1:.bic ~~- Ouft :c,n, ~~~~~ ~~:1~~b~~~-- . . 
- --------~-- ------ ----
• W ney, analyst41. • With eodn. 1 E n G. 
~E. ·st (1 *), rwmiiron. J.J. E. i.e1.1t:i. &...u,r-. 
• J. nal s « G. A. nrinor, anal ·st. Wi h 
"lI n n, an lyst. • J mes R. Chilton, an 1 t 1 "2). 1 With 
(27...) 
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:MICHIGAN. 
"The mineral waters of Michigan are derived to
1
a great extent from 
wells, which are nevertheless locally termed mineral springs. Many of 
these wells are artesian and ·were frequently sunk originally for other 
purposes than to find mineral waters. The artesian borings are espe-
-cially in the corniferous limestone and the Huron group (Devonian). 
Prof . .Alexander Winchell says: " The conformation of the strata has re• 
taiued all their original soluble constituents; hence all artesian waters 
in the State, save some outlying leached.out patches of the Parma sand-
stone, will be found mineralized." The waters are classed as saline, 
carbonated, and sulphureted. The saline and sulphureted springs pre-
dominate. The brines of Michigan (which are not included in our list) 
form an important factor in the industries of the State, nearly half. of 
the salt product of .the United States being credited to Michigan. The 
supply is derived mainly from artesian borings. So-called magnetic 
springs are prominent. Professor Winchell says . their waters are not 
themselves magnetic, but that marked magnetic phenomena manifest 
themselves about the wells. 
The list, as given here, has been drawn principally from State geo-
logical reports and from an essay on the magnetic and mineral springs 
of the State, by Dr. Stiles Kennedy. 
Name and location. 
Mineral BpringB of Michigan. 
0 
Character of the 
water. · Remarks. 
Alpena Maimetic Well, .Alpena, Alpena . . . . . . . . . . . . 52 Sulphureted.... Resort. 
County. 
Be1:rien Springs, Berrien :::lprings, Ber• . . . • . . . .....................•...••... 
n en County. 
Butterworth's Magnetic Spring, Grand 1 . . . . . . . . . . . . . Saline . . . . . . . . . . D 
Rapids, K ent County. 0 • 
Caacade Sprin~s ... ..................... . ...................... . 
Ohalybeate springs: · · · · · · · · · • • · · 
N!ar .A nn Arbor, Washtenaw Co ...... ,. ................................ . 
1tff1 itf:$:y~~~Jlti;:::::: :::::: :::::: ::::::: :::::::::::::::::: 
A an Buren, Wayne County .......................... .. 
Near SJ?rin gville, Lenawee County . ................... . ... : :: : : ::: :::::: Unimproved. 
Eaton Rapids Magnetic Springs and 11 . •• • . . .. . . . . . Calcic Resort. 
~ ell, Eaton Rii;pids, Eaton County. · · · · · • • · · · 
Er_ie Sulphu1· Sprmi:r8, Eri c, Monroo Co 2 . . . . . . . . . . . . . Has local repul11,tion. 
Fhnt 's MagnNic Springs, Three Rivers, ................... S~ii{i~·: :: : :::::: 
Saint Jo cph Count:,. · 
Fruitl)ort Ar tesian an·d Magnetic Well, .... .. ... ... 48 · Saline, sulphu. Resort. 
Fru1t¥frt, Musk~on Co. reted. 
GrIIand aven Mineral 8pring, Grand . . . . . . . . . . . . . . . . . . . Saline . . . . . . . . . . Do. 
aven, Ottawa County. 
Grand Ledge Magnetic Wells, Grand 2 ............. Calcic. ...... . .. Do. 
Ledge, E aton County. 
1:lubbardston Magnetic Spring Hub• . .............. _.. . Calcic, cbalyb. Do. 
bardston, Ionia County. ' eate. 
Lan~ing Magnet ic Well (1,400 feet) or 1 601 53. 5 Saline . .•....... Do. 
Michigan Congress Spring, Lansing, 
I ngham County. 
Bull. 32-10 (273) 
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Name and location. .... 









Leslie Magnetic Wells, Leslie, Ingham 
County. 
Mff~~ng/fagnetic Well, Midland, Mid- . . . . . . . . . . . . 47 
3 .••••.••••••• 




Saline ......... . 




Rapids, Kent County. 
Moorman Well, Ypsilanti, Washtenaw 1 ..... . 57½ Saline, sulphu- Usedcommerc yw 
reted. as a resort. · County. 
Mount Clemens Mineral Springs,Mount 2 .••••.•••••.. Saline ......... . Used commercially. 
Clemens, Macomb County. 
Ogem_aw Mineral Springs, Ogemaw 
Sprmp:s, Ogemaw County. 
Otsego Mineral Springs, Otsego, Alle-
izan County. 
Owo~so Chalybeate Spring, Owosso, 
Shiawassee Countv. 




••••••. Chalybeate, &c . Local reputatien. 
10 •••••...•••..••.•...... • ..•• •.. Resort. 
1 ............ . 
1 ..... . 56. 6 
2 •••••• 50 
Chalybeate ..... Do. 
Saline, sulphu- Used commerc 
reted. 
Calcic, saline . ... Bathing resort. Riverside Magnetic Mineral Springs, 
Springwe11's Fort, near Detroit, 
~ayne County. 
Samt Clair Mineral Spring, Saint Clair . . . . . . . . . . . . . .. . . . . Saline ........ -• 
Springs, Saint Clair Countv. 
Saint Louis Magnetic Spring, Saint . . • . . . . . . . . . 50 
'Louis, Gratiot County. 
Spring Lake Magnetic Well, Spring ...... ...... 52 
Alkaline, carbo-
nated. 
Saline ..••... ... Resort. 
Do. 
Lake, Ottawa County. 
Shawnee Mineral Springs, Monroe, i { 4t 7 t .Alkaline, calcic. Sanit•"" resort. 
Monroe County. 5 · • • • • · · · • · • · 4i 5 -J 
Sulphur springs: 
In .A.sh Township, Monroe County. . . . . . . . . . . . . . .. - .. --• • • • • · · · · 
In Brownstown Tow:nship, Wayne ........................ - . -. -• • • •· · · · 
t::ounty. 
In Ex ter Township, Monroe Co... . . ... - - --- • • • • · · · · 
At Dearborn , Wayne County...... . - -• • - • • • · · · ···• · · 
Near_Dundee, Wa.,ne County . . ... . ..... •····· ······ 
At Gibraltar, Wayne County...... . - - . - - -• • • • · ·· · · · · 
Near La Salle, Monroe County . . . . . . . ....•... - .. . -- • • 
Near Monroe, Monroe County .. ... . . .......... •····· 
Near Raisinville, Monroe Coimty .. . . ... - -•· • • • •···· · 
Warner's Spring, Albion, Calhoun Co.. . Weak alkaline, 
calcic. 
:· 
Wyandotte White Sulphur Spring 10 . . . . . . . . . . . . . . . • . . . Salphureted . . . . Bathing re 
miles from Detroit, W ayne County. .-:-r~ 
YJ:)silanti Mineral Well, Ypsl.lanti, 1 ...... 58.1 Saline, sulphu- Used comme,.~~ 









.Analyses of rnineral springs in Michigan. 
Eaton Rapids Magnetic Springs and Well. 
Bodine 








Solids. Grains Grains per. Grains Grains Grains 
per gallon.• imp. gallon.h per gallon.a per gallon.a per gallon.• 
Sodium carbonate ..•.....•••••.•.•... : . . . . . . . . .. .. . . . . . • . . 5. 38 11. 57 ....... • ..... • 
~t~::!c~~~i~:!t;:::::: :::: ······ .. ~·.~~-· ::::::::: :: : : : ........ i: is· .. ..... .. i: 27 .. :::::::::::: :: 
~~:~s~~a~~~~~~~~~~~:·::.:::: ·••••• .. ~·.~~ ......... 46:24 ......... iii.'4s· ........ 20: 74 .. :::::::::::: :: 
~~~~i~:a~::b;~!i~::::::::: ...... -~~·.~: .. ······ ·· o: ii.· ···· ·· · ·4: s2· · · ·······ii.' 84 ·· :::::::: ::: ::: 
~~~nc~~b:~~~~~~-~~~~::::::: ........ ~·.~~ .. ········z:as·· :::::::::::::: ::::::: ::: : ::: ··· ··· · · · ·z:so 





~~1!r~s~r::i:e:::::::::::::: ·······s7:s0·· ······ ··4:64 ........ "4s.'i6" ' ..... . ·4s:ia·· 
Magnesium sulphate ..•........•••••.•.......•••.................. - . • • • • • • • • • • • · · · - · .. 
Sodium chloride............... 1. 50 9. 21 0. 90 0. 90 
Silica................ .......... 2. 00 15. 74 2. 54 1. 40 ............. . 
~~:~i~. ~~~~~~:: : : : : : : : : : : : : : : : : : : : : : : : : : : : : 0. 90 0. 85 o. 90 { : : : : : : : : : : : : : : 
Total ................... . 120.17 88.22 80. 93 90. 98 85. 20 
l=====t=====J=:=====J:=====,===== 
Gas. 
Oubic inches. Oubic inches. Oubic i1tches. Cubic inches. 





Riverside Magnetic Springs. 
ConKtitnents. Artesian and Alpena Mag• Magnetic netic Well. 
Well. Spring No. 1. Spring No. 2. 
Solids. Grains Grains Grains per Grains Grains 
per gallon.e per gallon,h imp. gallon.h per gallon. per gallon. 
Sodium carbonate...... . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . •..... ·... . . . . .. . . . . . . . . . . . . 2. 80 
Sodium bicarbonate........... 6. 52 15. 74 6. 00 ......... . ................. . 
Calcium carbonate............ .•.. .. . .. .. .. . .... .. • . . . . . .. .............. 16.40 11.15 
Calcium bicarbonate . • • . • • • • • • 5. 11 55. 14 10. 01 . . . . . . . . • . . .. . O. 22 
ragnesium bicarbonate....... 4. 15 62. 92 7. 02 .................. . 
1~~~ bf~~iti~:i~:::::·:: :: ::: : · ··· ·· · · 1: 50· · · ··· ·· · ·i: s4· · ····· · · · i.' ii·· :::: :: : ::: : : : : .......... ~·. ~~ 
Manganese bicarbonate . . . . . • . O. 10 ................................................ .. . . ... . 
Sotli~m sulphate . . . . . . . . . . . . . . 46. 00 ..•..••........•••••.. .... .......... .. . . .. ... ..... _ 
Calcium sulphate.. ............ . •• . • • . • • .. . • . 30. 06 90. 19 114. 42 160. 77 
Magnesium sulphate . . • • . . . • . . . • • • • • . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 44. 32 ••••••....•••. 
Sodium chloride . . . . . . . . . . . . . . . 464. 03 68. 25 15. 28 31. 79 310; 55 
Potassium chloride............ 0. 43 . . . . . .. . • .. • • . 11. 79 .•.•...••..••.••••••.••..... 
Calcium chloride.............. 111. 11 . • • • .. • • .. • • • • 7. 33 ............. . 
25.9d 
42. 58 
109. 77 ragn~sium chloride....... . . . . 46. 81 . . . . . .. • • . • • • . 50. 24 
romule........... ..••.. .... .. O. 77 . .. . .. • • . . . .• . • ••.. 












~L~og·s~s~_-i.~.· m.· _· a.·:.,t.~.r.· .:_: .. ·.:.::_:. · .. :.:.:·:···· :.:.:. ·.·• ·.·.· .. ·~~.~.· .. ~.~.·.·. 5 i } 0. 92 0-50 { : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
1------+------1--------1------ -----
Total. ................ , ... 703. 13 237. 96 
Gases. 
C Cubic inches. Oubic inches. 
arbonic acid .. . . .. . . .. .. . . . . . 7. Oo 8. 40 
.:N~lphuret ed hydrogen .. . .. . . . .... .. .. . . . . . . 35. 36 
1trogen . . . . .. . . .. . .. . . . . . .. . . . . • . • . . . . . . .. . O. 24 
• R. C. Kedzi.e~ analyst. 
b S. P. Duffiela, analyst. 
• C. T. Jackson, analyst. 
(275) 
200. 94 232. 89 638. 66 
Oubic inches. Cubic inches. 
19. 02 
d With sodium carbonate. 
• C. G. Wheeler, analyst, 
t With calcium phosphates. 
14. 77 
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Constituents. 
Grand Ha. Hubbards• 












Solids. Grains Grains Grains per Grains Grain81Jtr 
Sodium carbonate ..••..• _ ..... . pqr gal~~i;; per gallon. b imp. gallon. c per gallon. d imp. gall/Jr.. 
Sodium bicarbonate .......... . ...•.... , .... :::::::::::::: ...... 1iios·· ........ 5j7 .. ······:••-. .. 
Potassiu1n carbonate.......... 2. 74 ........•..••..•••........•....•......... - .. • .. • • . .... 
Potassium bicarbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 55 

























ulcium bicarbonate ....................... . 
Magnesium carbonate......... 1. 52 
Magnesium bicarbonate ............................ io: ii ......... 2a_" 03 ......... io: 53 .............. . 
I~~~ bf~·~i1~3;!ie" ::: : :: : : :: : : : : ...... . ~-- ~~ .. :::: :: : :: : : : : : ···· ·· · ·i:ss -- · ·· ··· --i21 .. :::::::::~·-. 
Sodium sulphate . . . . . . . . . . . . . . 71. 29 . . • • . . . • . . . . • . 30. 06 .•••...••.•••. 
§J!~~:~i!ti:ai~:::: :: : : : :::: :: : :: : : : : : : ::: : : : : : :: : :~ :::: :: : t ~;: :C: :: _- :t·_-~_- _-i r 
Sodium chloride............... 306. 03 .••••• ... .. . .. 320. 22 ............. . 32.i 
6~i~~s::hf!1t1i~~:: :: : : : : : ::: 14~: gg :::::::::::::: :::: :: : : : :: ::: ::: : : : : : : :: ::: ...... ··· i~ 
Magnesium chloride........... 71. 53 . • • • •• • . . ... •. . . . . . . .. ...... . ••. . . . . . .. . . . 2. 
Magnesium iodide. ............ O. 05 ............................................. • • • • · • ··· · 
Magnesium bromide........... 0.17 .............................................. •·····-- --
Calcium fluoride................. 0.05 ........................................ -------------- ................ . 
ff~nii~~~~~~~: :::::: :: :::::::: ···· ·· · ·o.'.ao.. 0• 16 · ··-- · • · · ••••• • ••• · ••· •••••• · •••· ....... . 
Silica.......................... 1.05 ········o:i4 .......... i°97 .. ········:i.°os°· .......... 2. .. . 
Organic md,tter ................... ~.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 65 ~f 
LOSS···················· .......................... ········ ·············· ............. . 
Total.................... 608. 89 34. 82 ~ 613. 77 63. 01 / 160.~ 
Carbonic acid~~~~- ....•............. ········ .............. Oubic21~~~~s· f Cubic i1~~t / ............ . 
Constituents. 
Mount Clemens Mineral Springs. 






Soli-dll. Grains Grains Grains Graim 
per gallon.' per gallon., per gallon.' per gallon.' 
Calcium carbonate....... . . • . . • . . . . . . . . . . . . . . 0. 98 3. 98 91. 00 Trlll 
Magnesium carbonate . . . . . . . . . . . . . • . . . . . . . . . O. 70 Trace 0. 70 Tri< 
Iron carbonate........ . ...................... 5. 60 ............................ . ..... • • -- · 
Sodium su$hate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77. 25 ....... .... ... . •..•• .• . .. 
Calcium s ;>hate............................ 100. 56 35. 20 14. 30 ~ 
iji/f l~+t:+/HiiiE•i iii:i:•:i+ ::::::rE• I. ·~ ~~~. . . ... ·~ ~ 
Sodium chloride...................... ...... 11,900.00 8,637.44 ....... • ...... . .. ,. • ..... . 
Calcium chloride............................. 934. 50 172. 41 ............. . . ....... ···· • 
Magnesium chloride. . . . . . . . . . . . . • • • . . . . . . . . . 648. 48 129. 60 . • • . . • • .. . . . . . . •. •• • • • • -- ·• 
Magnesium iodide . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 07 ....................•..... • • • • • • • · · · · · · · 
~i~~~~~~ .~~~~i.~~:: ·:::::::::::::::: : : : : : : ........ ~-. ~'. .. : : : : : : : : : : : : : , · · · · ·. · · S: so .. ........ int 
~l~mina..................................... 29. 47 J 8. 97 ff 29. 00 IL! 
tf i~;~zti?iii!H}ii••i( :::::!:rnr ·••··· ~ · 1 ...... :iE ..••• •• ••; 
Totar ......................... . ... . ... . 13, 654. 33 -0, 06.3. 17 11, 921. 0i I 11. ~ 
I -----
Ga,u. Oubic inchea. Oubic incht . O,ilJic ·nch • I Oubic i 
~~t?n1~nn~fJ~~'.~~. ur dibydrio sulphide . . .. . 4g. o~ i~~ ....... ~~·. ~. . ........ ~ 
. itl'O ·n ......... . ... ·.::::· .. _-_-.-.:::::::::: :: : :, Pr ent . ........ . . ..... . ...... ···-i--······· 
:q. •· Wh d r, anah- t. 
• I · IT. Douirla , ann1yR·. 
Dr. Jennings, analy11t. 
(276) 
MICIDG 
..4.,aaly,ea of mineral springs in Al:"ch · an- on t 
Con Itu nt . 
Owosaa Spring Lak 
Chalybeate Magnetic 
Spring. Well. 
Gra.ina (f} (;},rain, 
per gallon. per gallon.• 
bonate..... .. .. .. .... .. . ... . .. . 0. 05 
nate . ...................................... . 
booate . . . . . . • . . . 25. 67 o. la 
rbouate..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 1. 10 
bonat.e. .••••. 10. 09 0. 01 .•••••.•. •.•.• 
. . . . . . . . . . . . .. 15. 92 l. 01 .•••.•••...••• 
nate........ .............. 0.06 ................. . 
....••.... •••• .•• ••. ·••··••· 46. 70 ·•·••• •..••••••••• 
te ······ ................................ .................. . 
·· ·····•·••·•• .............. ········•····· 140 
e. :: :::: :: : : :: : : ·-c .... ·; -~~·s· ...... 405: sr ...... : 665 
blorlde.. ... . . . . . . . S • } •· 20 
oride.............. . . . . . . . . . . . . . . ll 8. 42 2, 407 
chloride. .......... . .. . . . . . . .. . .. 86. 20 808 
::: :::::: :::::::.::: :::::: :::::::: ........ 2.'ii ......... . 
............•.••••... ... .... ......... Trace 
... :::::::: :::::: :::::::: } o. 62{ T~i~ 
To 
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Constituents. 













Graim per Grains per Grains per Grains Grains per 
S d' imp. gallon.• imp. gallon.b imp. gallon.c per gallon. imp. gallon.
1 
o nun carbonate . • • • • • . . . . . . . . •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30. :JS 
Calcium carbonate . . . . . . . . . • . . . • . . . . . . . . . . . . 6S: 73 57. 91 . . . . . . . . . . . . . 44. 30 
iii~iilff~1~~:;:;;;; :::::)t: ;:;::;:::;;;;: :;;;;;;:::::: 'Ul :::: :;~:~ 
6o;a_ssiumulsuhlphtate. . . . . . . . . . . 18. 62 42. 40 36. 87 o. 32 ~£ a cmm s p a e. .••........ .. 179. 96 210. 78 46. 64 3. 39 48_ 35 Magnesium sulphate . . . • . . . . . . 68. 07 124. 52 92. 43 ......... . ... • 
Phosphates......................... Trace Trace Trace . .................. . ... .... . . · -· · · --· 
Borates . . .. .. .. .. . . . .. .. .. . .. . .. .. .. .. .. . .. .. . Trace Trace Trace .... - .. - .. . - - -- -- - · -• · -- · · - · · - · -
Lithium salts.................. Trace Trace Trace ...... . .. .. -· · ······ ··· · ···· 
fffiEEt:~:::-:-;::::;::;:; i~ ~iffi ::::::~:: ::;:;):;:} :::;;:;; ::: 
Sodium chloride............. . . 832. 04 1, 888. 35 2, 411. 98 L 25 22. 90 
Potassium chloride'. ........... . . .. . . .. • • . . .. . .. .. . . . .. . . . . . . . . .. . .. . . . . . . .. . . . . . .. . . . . Trace 
Calcium chloride.............. .... .. . . . . . . . . 172. 04 209. 99 ........... . . - • ·· · · · · · · · · · · · 
Magnesium chloride........... 57. 91 153. 72 133. 74 ............. . •· · · · ·· · --··· · 
Magnesium bromide........... 3. 56 13.17 13. 51 .......... .. • • · · · · · · · · .. · · · · 
f;iiri~i3~::: :: :::::::::: :::::: ..... ?:~~~~~-- ::::::: :::: ::: -----~~~~~~-- :::::: :::::::: ·· ·· ··. --·o:25 
ff f ji);;;;;::;:;:): ;;;;;; /~~ :: ::::::: ~:~:: :::::3:;; :: ::: ::)?: L::: ::':; 
Organic matter .•....•....... ~. . . . . . . . . . .. . . . Trace . Trace t 1. 02 f · · · · · · · .. · · · · · 
~~;i~iic-~ciii"::::::::::::: :::: ::::::::::: :: : ::::::: ::::::: ::::::: ::: : : :: -~- . .-.... . ___ l_ ·· · · •·· · ·ao:w 
'rotal...... . . . .. . .. . . . . . . 1, 205. 69 2, 707. 62 3, 004. 14 
f=~~d==~~~=~~=:l====l==== 
31.86 293. 34 
Gases. 
Hydrogen sulphide or dihy-
O;p,bic inches. Oubic inchea. · Oubic inche8. Oubw inches. (Jubic inchei. 
21. 08 32. 216 15. 527 . . . . . . . .. . . . . . 20. 00 
dric sulphide. 
•.A. B. Prescott, analyst (1883). 
~James H. Shepard, analyst. 
• J. H. Shepard and W. F. Pett, aD8.lysts (1884). 
,1 Courtis, analyst. 
(278) 
11.lLB.] WISCONSIN. 151 
WISCONSIN. 
The mineral waters of Wisconsin are valuable. Many of them have 
wide reputations and are largely sold in all portions of the country. 
They are principally alkaline, chaly beate, and calcic. The list is based 
mainly on the Wisconsin geological reports and has also had the super-
vi ion of Prof. T. C. Chamberlin, formerly State geologist. .A number 
of springs have been developed since the publication of the State reports 
and are here included. 
Name and location. 
Mineral springs of Wisconsin. 
Character of the 
water. Remarks. 
--------------1-------1--------1---------:~-
.A.retie Springs, Galesville, Trempea• 
leau Countv . 
..Artesian wellll: 
0 
3 ••••••••.•••••.••••• •••••••••••• Resort. 
In Madison, Dane County . ........ . 
In Oil City, Monroe County . ...... . 
4 
1 
• 53 .A.Jkaline ........ Used for city supply. 
52 Sul~ho-chalyb• Not much used. 
eate. 
In Prairie du Chien, Crawford Co .. 12 3,620 56 .••.......••.•••.. 
In Fond du Lac, Fond du Lac Co .............•...•...........•......... 
13arnes·s Spring, Delavan, Walworth .....•....•..•••...........•........ 
County. 
Bethesda Spring, Waukesha, Wauke-
sha County. 
4,200 . 48 Alkaline, calcic. Used commercially and 
as a resort. 
44 Chalybeate, &c . Do. Black Earth Mineral Springs, Black 2 
Earth, Dane County. 
Bristol Soda Springs, Woodworth, .................. Alkaline, saline. Unimproved. 
Kenosha County. 
Buckhert's Fountain, Watertown, 1 
Jefi'Prson County. 
700 47 .••••••••••••••••• 
<Jalcareous or travertine springs: 
In sections 6 and 7, Empire Town- ..•......• , . . • . . • . Calcic .••....... 
ship, Fond du Lac County. 
At Lovers' Glen, Brooklyn Town• .••................... do ..•.••.•••• 
11hip Green Lake County . 
.A.tDeia:van, Walworth Co . ............... : .....•••••..•. do . ...••...•. 
In !l!'ction 24, southwest quarter .. .. ....... .. ......... ao •.••.••..•. 
t!rg~~d Township, Washing-
In sections 11, 14, 15, Walworth . ... . ...............• . do ......... .. 
Township, Walworth County. 
In section 21, Taycheedah Town ...• ....... . . .. .. .. . ... do . .......••. 
ship, Fond du Lac County. 
In section 1, Whitewater Town- .••...•.. ... .......••. do ......... .. 
!!hip, Walworth County. 
Cedarhurg prin s, Cedarburg, Ozau- ... . ....... ........................ . 
kee County. 
<Jhalybeate springs: 
In Ahnapee Township, fl c. 25, ................................... . 
range 26 east, Kewaunee County. 
In Byron Township, sec. 16, Routh- .. ..... ........ .... . ..... ... ....... . 
ea t CJ,uarter, Fond du Lac Co. 
In EmpiraTownf!hip, er. 18, north· ..•....... . .. ..••. . ............••••. 
,,a t quarter, Fon!l du Lac Co. 
Grand Chu to, ,val worth Co .... .................................. . 
In llerman Town bip,s c.29, north- ................................... . 
t qua1t.-r, Dodge County. 
In Ilortoma Town. hip, section 18, 2 ....... .. ........... .......... .. 
Outagamie 'ountv. 
In L ke ill 1 owo· hip.I. section 1, ..... ........... ........ ........... . 
north half. Jrffcr on vounty. 
In Whitf•wat r Town hlp, s ction . .................................. . 
l!i. ea quart •r, Walworth Co. 
,\ Whit •watn. Walworth 'o ....... ................................. . 
Cly mic :prin~ , Wauke ha, \ anke- . . . . .. ......... . ......... .... .. ... . 
b <.,;ouIJty. 
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Mineral springs of Wisconsin-Continued. 
Nawe and location. 
I ,;, r,. i,.; a;, 
b.O A 1 
~ 
·i:; rn R ;:l 
A 0 (l) rn ~~ 
r,. • Character of the .... i::! 











Eureka Springs, Milwaukee, Milwau-
kee County. . 
Fountain Spring, Waukesha, Wauke-
sha County. 
Gihon Springs, Delavan,Walworth Co. 
. ... . __ ......................................... . 
--- · ........................................... .. 
8 {
4t 6} C 
1 
. lk lin iused commercially and 
o a c1c, a a e . as a resort. 
56 
Glenn Springs, Waukesha, Waukesha 2 45,000 
48 Alkaline........ Do. 
Countl° · Gombers·Well, Brodhead,GreenCo .. .... .. ....• . . .......•... ... ... 
Racket's Spring, Hale's Corners, Mil- . . . . . . . . . . . . . . Calcic, alkaline . Unimnroved ; used lo-
waukee County. cally. 
Horeb Mineral Spring, Waukesha, 1, 500+ 48 Alkaline, calcic. Used commercially and 
Waukeflha County-. as a resort. 
Hunter's Magnetic Mineral Fountain 
(artesian), Fond du Lac, Fond du 
Lac County. Hygeia Spring,Waukesha,Waukesha .•......•••......................... 
47 Alkaline, calcic. Resort. County. 
Iodo.Magnesian Springs, Beloit, Rock 4 10, O!lO 
County . 
.Jacob's Artesian W ell, :Milwaukee, .... 18,000 
Calcic, saline . ... 
Milwaukee County. 
Jordan's Mineral Well (65 feet),Gales- 1 .• •...•..••••• Calcic, chalyb-
ville, Trempealeau County. eate. 
Lethean Spring, Waukesha, Wauke• ................................... . 
sha County. 
Lowe's Spring (see Palmyra Springs). 
Magnetic Well, Watertown, .J efl'erson . . . . .. . . . . .. . . . . . . . ............ -• - • • 
County. 
Market Square Spring, Milwaukee, 
Milwaukee Countv. 
Mineral Rock Spring, Waukesha, 2,200 
............. ---··· .. , ................... . 
50 ·•••·• ······ · ····· 
Used commercially and 
as a resort. 
Waukesha County. 
1lfineral springs : At Kaukauna, Outagamie County.. . . . . .... . . . . . . . . . . Sulphureted • - - - used lo- -
Near Sussex, Waukesha County .. . ........... ........................ Unimproved; callv. 
At East Troy, Walworth County.. 2 .... • •• . 50 
Mineral Spring Artesian Well, Oil .....•.••......... 
Calcic, alkaline. Used ·1ocally. 
Sulpho-chalyb• 
eate. 
City, Monroe Countv. 
Ntimahbin Mineral Sp'rings, Delafield, ... . .................. •· • -· • •·· 
Waukesha County. :New Saratoga Springs, Star Prairie, 3 360 46 Chalybeate, car• Resort. 
Saint Croix County. bonated. 
Norwalk Mineral Well, Norwalk, . .. . .........•.... ChaYybeate ..... 
Monroe County. 
Oakton Springs, Pewaukee, Wanke- ........................ -· ····· ····· 
aha County. 
Oleson's Sulphur Springs, La Grange . . . . . . . . . . . . . .. . .. Sulphureted .... 
Township, section 9, Walworth Co. 
Park Spring, Lake Mills, .Jefferson Co. 1 15 50 .•.•........ . •· • •· 
P~"!!1J'i!'f/prings, Palmyra, .Jefferson }25 .••••••. 5 ~i} ............ ... . { U!!da =~~r az; 
p. I. {7 er1c as1an Spa Sprlngs, Whitewater, ......... ............ • -• • · • · · · · · 
Walworth County. 
Rahr'e- Artesian Well, Manitowoc 
;Manitowoc County. ' 
Richmond pring, Whitewater, Wal-
~orth qoun~y. 
Sa.mt C!o1x Mmeral Spring, near East 
Far~1ngton , Polk Countv. 
Sch~cickbardt's 'pring, Wauwato a, 
l11l~ankee County. 
healuel Miner l ·prings, near Wan• 
paca, Wanpa a County. 
h hoygan Min ral prin"' (a.rt sian) 
hobo g o, 'b boygan County. ' 
'h rldnn , pring , Lak Geneva Wal• I ? 
wo th County. ' 5 2 3, 000 
130 ...... Alkaline, calcic. Unimpro~ed. 
54 ·•••·· ······ ······1 u~~o~t 
1 700 46 . . . . . . . . . ........ I U d mmer 
; . ;~~ ··;; ~~~,~~::::: : I . ::: ... 
5P I aline, calcic .. . . ~ed comm 
u: l .. do . . ..•• 1 R rl to 8,400 
(2 0) 
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(D i:-. ~ 
bl) ~ -Cl 
-~ A di rr, r;,:. 
A i::i Q rr, 0 
~~ i:-. Character of the Name and location. .... E Remarks. 0 bliO c:<I water. 
i:-. .s~ i:-. ~ ~ 
'a ~ A p .s ~ z ~ ~ 
0 
Siloam Springs, Waukesha, Waukesha 3 1, ooo+ 48 .... ... . ... . .... .. ...... Used commer cially and 
County. as resort. 
Silurian Spring, Waukesha, Waukesha ---· ... ... ... . . .......... ··--- ----- -· ·--- ·-County. 
Saline, ch alyb• Used commercially. Sparta Mineral Wells, Sparta, Monroe 12 ............ 50 
County. eate. 
Starin1s Sulphur Spring, Whitewater .. ... .......... . ........ . ------··· · -·- · ·· · · 
Township, section 1, Walworth Co. 
Used locally. Tellulah Mineral Spring (formerly 1 1400+ 45 Saline . . . ·.· ·· · .. 
Rarriman's Spring), Appleton, 
Outagamie County. 
Not yet improved. Utley Mineral Spring, Utley, Green 1 10 ------ ......... . . .... . ... .... 
Lake CountW · 
Vesta Spring.\ aukesha, Waukesha Co 1 1,200 47 Calcic, saline . .. . Used commercially. 
Waterloo Mineral Well, ·waterloo, .... -- ----- · ......... ----- --·----·-----
Jefferson County. 
White Rock Spring, Waukesha, Wan• 1 800 47 ... -- -- -----· ...... .. Dci. 
kei;ba Countv. 
William's Sulphur Spring, La Grange ... ------ ................ . ......... Townf<bip, sect.ion 36, Walwo1-th Co. 
Analyses of mineral. springs in Wisconsin. 
Constit uents. .A.retie Springs. 
A t . W 11 Artesian Well r esia!l e • (Wilcts's), Bethesda Spring, W aukesha. 
Ma,hson. Jfond du Lac. 
Solids. Grs. p~r gall.• Partsi111 ,000.h Parts in 1,000.b Parts in 1,000,b Grs. pe.,. gall.0 
Sodium bicarbonate . . . . . . . . . . . . . . . . . . . . . 0. 04 . . . . . . . . . . . . . . . 0. 02 1. 26.· 
Caldum bicarbonate . .. . . 13. 65 O. 14 0.11 0. 17 17. 02 
°Mac11Psium bicarbonate .. 9. 84 0.12 0. 08 0.13 12. 39' 
Iron bicarbonate . . . . . . . 0. 26 0. 01 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 04 
Sodium sulphate . . . . . . . . . 0. 07 0. 03 O. 07 0. 02 0. 54 
Calcium sulphate . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . 0. 01 ...... .. .... . . . 
Potas~inm snlpbate . . . . . . 0. 19 . . . . . . . . . . . . . . . . . . . . • . • • • • . . . . . . . . . . . . . .. . . . O. 46~ 
~odium pbospl1ate . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace 
Sodium chloride . . .. . . . . O. 76 0. 01 0. 07 O. 01 1. 16.• 
Calcium chloride .. . . .. . . . 0. 05 ....... . .. .. .. . ................. . ... . . . ..... . . • .... . . . . .. . 
Aluminium oxide . . . .. . . . 0.15 ...•. . .. .. . . . .. . •... .. .•. . . ... .. .. .. .. ... . 0. 12 . 
Silica..... . . . . . . . .. . . . . . . . 0. 06 0. 03 O. 01 O. 01 O. 74 
Organic matter . . . . . . . . . . . . .... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 98 






Soda Springs. Ruckhert's Fountain. · 
MadiE>on 
City Well. 
Solids. Parts,d Grs. per gall.• Grs. per gali.r Grs. per gall.& Grs. per gall.h 
Sodium carbonate . . . . . . . . 5. 10 . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . •.. 
Sodium bicarbonate . . . . . . . . . . . . . . . . . . . . . 8. 89 1. 90 . • • . . . . . . . . . . • . 1. 09 
Calcium carbonate . . . . . . . 40. 00 . • . • . . . . • • . . . . . . . . • . . ....••• ••................. . . 
Calcium bicarbonate . . . . . . . . . . . . . . . . . . . . 4. 36 12. 09 12. 04 15. 24 
Mairnesium carbonate . . . ·. 25. 00 ..•• .• . . . . . . . . ..... 
Magnesium bicarbonate . . . . . . . . . . . . . . . . . 3. 2i · · · · · · · · 5:S2· · ··· ·· · · · 7. 94 · · · · · · · · · ~ · 1i 98 
t~~ tt~~ib:J!ti: :::::::: ....... . ~~·. 00 . . ···· ···· ·o:,0·· .... ..... o:io·· ·· ····· ··;,:;,s·· ···········;,:2i 
So,linm sulphate . . . . .. . . . 10. 00 . 7. 74 . . • • . . • . . . . . . • . 0. 86 0. 29 
Potassium sulphate . .. . . . O. 10 . • . . .. . . . .. . . . . O. 05 . • . • . . . . . . . . . . . O. 24 
Sodium phosphate . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . Trace 
Sodium chloride. ..... . ... 3. 30 O. 43 . . . . . . . . . . . . . . . O. 66 0. 29 
Aluminium oxide ........ 1.00 ...... . ..... . .. ............... 0.16 Trace 
Silica. . . . . . . . . .. . . . . . . . . . . 1. 30 0. 80 O. 3() 0. 68 O. 42 
Organic matter . . ... .... . . T race . . . . . . . . . . . O. 35 .... .. ........ . .•.... ..... .. . . 
Total ... . .. ... ... . . 
• W. W. Daniels, analyst . 
i. G. Bode, analyst. 
• C. F. Chandler, analyst. 
25. 92 
d .A.. C. Barry, analyst. 
• A. G. Mar iner, analyst, 
rL. Brandecke, analy11t. 
(281) 
20. 61 22.42 30. 76 • 
g G. Bode, analyst (1878). 
b W.W. Daniels, analyst (1882)~ 
1 Incomplete. 
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Analyses of mineral springs in Wisconsin-Continued. 
I Eureka Fountain I Gibo] 
/ Springs. Spring. Sprin~i. 
----------l·--G-r-a-in_s_~--<h-ai-.n-s-.-1--G-ra_i_·n_s __ ,_P_a_r_t_s_i_n-J---<h-a-in_s __ / Parts in 
Constituents. Clysmic Springs. 






.• per gallon.b per gallon.b 1,000. 0 p6r gallon.d 1,000." 
4. 431 0. 803 0. 13 1. 02 . - • - - - - -
Calcium bicarbonate.... 16. 04 16. 153 15. 896 0. 41 13. 78 10 . .c 
Mairnesium bicarbonate 13. 56 9. 221 8. 540 o. 18 9. 20 ,. 11 
Iron bicarbonate........ O. 04 o. 572 O. 685 0. 05 O. :.'I 
Sodium sulphate.. . . . . . O. 56 O. 693 1. 076 O. 26 0. 36 O. 9j 
Potassium sulphate..... O 46 O 500 O 205 
Sodium phosphate . . . . . . o: 03 o: 429 o: 453 
Sodium chloride . . . .. . .. . 1. 17 O. 355 O. 548 · • · · i 35.. · .. · .. T~;~~ .. 
..Aluminium oxide ....... 1, Trace . . .. .. .. .. .. . .. . .. .. . . . . .. . .. o. 19 0. 09 




~;;:\~•,;;a,i~;::::::::: · · · · · · -i. a;·· 1----~-~_:_~-=----~-~-:~~= __ , _____ 1_·_· _· ·_·_· _ .. _o_: 3_· i_·_·: ._:_:_: _: :_:_:_:_:_: 
Total . . .. .. .. .. . .. 35. 46 33. 156 29. 016 4. 64 25. 36 19. 91 














<ha ins Grains <hains <ha ins Gr aim 
Sodium carbonate .... _ .. -~-e~--~~~l~n._' ~~~- _ ~~Uo~i: _ ~~~ ~~l~~n:~. ~~~ ~~l!:e. Part,sinlOf per gall.i 
Sodium bicarbonate . .. . o. 76 O. 03 0. 46 . .. . .. . .. 2. :?6 
Calcium carbonate .. .. .. . .. . .. . . . . . . . . . .. . . . . . . . . . . . . . . .. . .. . .. . .. .. .. 5 
·Calcium bicarbonate.... 15. 98 6. 66 . 8. 41 10. 75 ........... 6 -• 
16. 73 
Magnesium carbonate ........................................... . 
Magnesium bicarbonate. 11. 58 4. 86 5. 23 6. 88 ...... : .. . .. .. 13. 1,, 
Pota~ium carbonate.... .. ............ .. . . .. . . . .. .. . . . • .. .. .. ... . . 4 .... --0_- 58 lrob. icarhonate........ O. 09 O. 23 0. 36 ...................... .. 
Sodium sulphate........ 0. 62 0.17 I. 04 1. 25 13 O. 52 
~:i~:~i~~}!ilt!~:~ ~: : ::: :::: i.:~i:: : ::: : ::: :::: :: ::::: ::: :::::: :::::::: ~: !! -- · --·o:Bi 
·Souium phosphate . .. .. . Trace ............. .......... -- • .. • -- • • .. • • • -- · -- .... ·
14
.. t ~ 
·Sodium chloride . . . . . . . . 1. 19 0. 32 0. 24 0. 18 
. .!f !:f~f ;:nc~!i:i:~.::::: · -- · -- --o: os.. -- -- .. -- o: j a -- · -- · -- .. o."ii -- .... o: 23.. . .. .. .. .. : o. i2 
.Silica................... I. 05 o. 69 O. 87 0. 73 O. I 5 
Iron.................... . ............. ............. .............. .......... Trace ........ .. 
?I::~t!:::::?1 :::::::.::: ::<:::r: :::\}/ <i} =~!=~ 
Constituents. 
I 
Iodo-Magne- / Jacob's Jordan's 





Grs. per gau.r 
Sodium bicarbonate .. . .. . O. 14 
Calcium bicarbonate..... 14. 52 
l\fagnesium bicarbonate.. 12. 28 
Iron bicarbonate. . . . . . . . . O. 04 
Sodium sulphate .... ... ............. .. 
Calciu~ sulphate . . . . . . . . O. 13 






<ha.per gaU. 0 Part8 in 1,000.• Partl in 1, .• 
o. 89 0. 02 · · -- .. · .... O .. . 
tf~ nI o:u 
2. 67 Trace Trace 
L 97 O. 02 
Pot~!ISlllm sulphate. . . . . . O. 31 
Sodmm phosphate . ....... O. Ol 'odium chloride , . . . .. .. . O. 34 ......... o: 64 ........... o:is ........... o." oi ........... . 
?;oJassiom chloride....... . .. .. . . . . . . . . . . o. 27 . .. • .. • . . • . • • .. .. .. • . . ........... -- · .. · • · · • 
• odium bromide............... Trace ........................ ~········ .................. --········ · 
o ium iodid . .. .. . . .. . . Tra-0e · ...... .... . 
~l!1miniom oxide........ 0.06 ......... (ijg ........... 0_.68 ......... Tra~;--. 
• ihca...... .... .. . . . . .. . . O. 76 2. 38 0. 29 O. 01 
Organic matter........... Trace . .. . .. . . . . . . ... o. .. ..... ........ • · · · .. 
Total ......... . ... . 
Rath bon , analyst. 
1, i:-d .. n D mu , analyst (1883). 
: . Bodf', analyst. 
J. V. Z. Blaney, analy t (1873). 
28. 59 42. 34 21.82 
•G. Bode, analyst (1874). 
r C. F. Chand I r, analy t (1875j. 
•G. Bode, analyst (1879). 
(2 2) 




.Analyses of mineral s1Jrings in Wisconsin- Continued. 
\Mar~et.Square Min.era} \ Mineral Rock 
Sprmg, Sprmg, Spring 




Parts in 1,000.• Parts in 1,000.h Parts in 1,000.e Parts in 1,000.• 
Sodium bicarbonate .... "· 0. 04' .••.. , . ........ 0. 02 0. 02 
-Calcium bicarbonate . . . . . 0. 37 C. 21 0. 17 0. 21 
Mao-nesium bicarbonate.. 0. 36 0. 14 0. 14 0. 09 
Irog bicarbonate . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace 










~!kl~°: cl~~~~::~.:::::::: ~: !~ · · · · · · · · · o: oi · · · · · · · · · · · o: oi · · · · · · · · · · · o: 02 · · · · · · · · · · · · · o: is 
!Y~~i~1::1mc~~d:~: :::::: ......... ~-.~~ .. ::: :::: :: : :: : : : :::~ ::: : : :::::: ....... T~~~~- · · ·· · · · · · · · · · · .. 
Silica . . . . . . . . . . . . . . . • • • • . 0. 04 0. 02 0. 02 0. 02 · · · · · · · · · · · i: 04 
















Grains Grains Grains Grains Grains 
per gallon.• per gallon.• per gallon.• pe·r gallon.• per gallon.• 
·Sodium bicarbonate . . . . . . . . . • . 1. 28 1. 23 1. 57 0. 18 0. 16 
,Calcium bicarbonate ...•.•.. .. 12. 72 12. 22 9. 01 12. 85 9. 86 
Magnesium bicarbonate....... 5. 77 5. 54 6. 48 10. 14 7. 92 
Iron bicarbonate....... ....... ... . . . . . . . . . . . ........... . . 0. 33 ............. . 0. 06 
Sodium sulphate .. . . . . . . . . . . . . 1. 19 1. 14 0. 28 o. 40 0. 64 
·Calcium sulphate . . .. .. . .... .. . . .. . . . . .... .. . . . . . . . . ... . . . . .. . . . . . ...... o. 79 0. 30 
-Sodium c)iloride.......... .... . 1. 27 1. 22 . 0. 33 0. 43 O. 21 
Ironoxide. .................... Trace Trace ...••....................•..... . ...... . 
.Aluminium oxide . . . . . . • . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . Trace 0. 22 0. 19 
Silica . . . . . . . . . . . . . . . . . . . . . • • . . 1. 11 1. 08 0. 73 o. 91 0. 61 
•Organic matter ....... . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 35 
Total. .................. . 23. 34 22. 43 18. 73 25. 92 20. 30 









Parts in Parts in Parts in Grains Parts in 
1,000.r 1,000.• 1,000.g per gallon.h 1,000.• 
Sodium bicarbonate........... 0. 01 . . • . . . . . . . . . . 0. 04 0. 79 0. 01 
Calcium bicarbonate . . . • . . . . . . 0. 24 0. 43 0. 45 11. 19 0. 21 
Magnesium bicarbonate. . . . . . . 0. 22 . . . . . . . . . . . . . . 0. 33 7. 25 0. 15 
Iron bicarbonate . . . . . . . . . . . . . . O. 01 . . .. . . • . . . . . . . 0. 01 . . . . . • .. . .. . . . o. 01 
~odium sulphate . . • . . . . . . . . . . . 0. 01 0. 64 Trace 0. 52 0. 01 
Calciumsulphate.............. . ............. 0.99 ........................... . ............ . 
¥:t!~!f~~ms~l~~~t!~ : : : : : : : : : : : : : : : : : : : : : : : : . ........ ~~ ~~ . · · · • · · · · · o.' 02 : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Sodium chloride. .. . . . . . . . . . . . Trace . . . . • . . . . . . . . . 0. 02 0. 05 Trace 
Potassium chloride ..... ....... . .. . . . . . . . . •.. 0. 01 ........ . . .... .. . ..••.. ................... 
Calcium chloride.... .. .. .. . .. . .... .. . . . . . . . . 0. 38 
Aluminium oxide . . . . . . . . . . • . . Trace .......... ... . 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . 0. 01 0. 02 
-Organic matter..... . . ... . . . . . . Trace 
Total. ................. . 
• G. Bode, analyst. 
b G. Bode, analyst (18691~ 
c G. Bode, analyst (1872). 
0.50 3. 30 
clG. Bode, analyst (Sept. 9, 1875). 
• G:. Bode, analyst (1884). 
r J . V. Z. Blaney, analyst (1872). 
(283) 
0. 96 20. 56 0.42 
B.J. E . Garner, analyst (1873). 
h.J. V. z. Blaney, analyst (1877), 
I With iron. 
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Sheboygan Mmeral Spnng. .springs. 
Siloam 
Springs. . . I Sheridan 
, ______ , _____ _ 
Grains Grainlf Grainlf Grains Parts in 
per gallon. a per gallon. b per gallon.• pe1· gallon. b 1,000. b 
Sodium bicarbonate . . . . . . . . . . . o 76 . . . . . . . . . . . . . . . . . O. tr.!" 
Calcium bicarbonate.......... 6:44 ·······--i:49. ······ ·i3,-66 12.55 O.~ 
Magnesium bicarbonate....... 6. 36 o. Z8 . ... .. . . . .. •. . 10. 28 O. 13 
~i;l::i!Xff!b~~-~i-~~::::::: ······ ... ;:-~;. :::::::::::::: ....... ·-g~ !~. ······ ·· •::;~- :::::: · · · · o:o~ 
Calcium sulphate __ .. _. _. _.. . .. ... . . . . . . .. ... . . . . ... . 76. 15 169. 83 1. 43 -• · - · - - · - - - - - -
~1iijJ}JJ?iHH +:+\ :;;:;:)E :::::::;J :):::::;:;;; ::::);;;;;: 
Sodium chloride . . .......... ~.. 0.16 367. 65 306. 94 .....•... o.' si . . ........ . o." 02 
Potassium chloride............ . ••• . . . . . . . . . . . •. . . . . . • • . • . 14. 48 .•.....• - .. - • - • • · • • • · • · · · • · · 
Calcium chloride .. , . . . . . . . . . . . . . . . . . . . . . . . . . 109. 30 27. 83 .•..••... - • - • • • • • • • • · · · · - · • • 
Magnesium chloride . . . . . . . . . . . . . . . . . . . . . . . . 9. 91 54. 91 .......... - • • • • - · • • · • · • · • • • • 
Lithium chlor.de.... . ... .. . ... .... .. .. ...... 0. 02 0.10 ..•...•....... •·· · · · · · · • • · · · 
Sodium bromide ..................•...... ; . . . 1. 06 0. 19 ............ • • • • · · · · · · · · · · · · 
Sodium iodide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 02 Trace . . . . . . . . . . . . . . • • · · - · · · · · · · · · 
.Aluminium oxide . . . . . . . . . • . . . o. 09 1. 10 O. 13 0. 05 o. 01 5ilica ........... ·~.......... o. 60 o. 73 0.47 v. 73 
Organic matter. ___ .. ____ ...... _ .. ............. ___ ....... __ ...... __ . Trace 0. 23 --- - - - - - - - - - - -
l
------1------:•-----·------1---------
Total......... ...... ..... 14. 65 657. 88 j 589. 25 j 25. 99 O. 45-
Constituents. Silurian Spring. 












Grainlf Gra-ins per Parts in Parts in I Grain• 
. per gallun.d imp. gallon.• 1,000,b l,VUO.b per gallon.• 
!ifi~ ;EF.lffi:f~::::::::::: · ·· · · · · t~f --···· ·· -:::;• i:::::: :: :::::: ::~~~: :: :~~~~: / :~~~~: :~ ::~~~~ 
Calcium bicarbonate.......... ......... . . ... . .. . .. .. 1 0. 07 0. 08 13. 43 
Magnesium carbonate . . . . . . . . 6. 83 4. 03 ......•.........•. • • • • · · · · · · · · · · · · · · · · · · .: · 
Magnesium bicarbonate...... ... . . . . . .. . . . . ...... .. .. .. . . O. 01 0. 06 10. ,4 
:1~~tl~~~\1:11!!!; :?!\~! ....... 1~ /::::Im II:JJDt;:;:::}~ 
riganese carbonate ... _. _ ..... _ .... _ .. _ . M.. . . Trace . .. .. .. . ... . .. .. .. . .. .. . . . ---- --- . - .. 2 - · -· -· · ---· o.· 55 o um sulphate . . . . . . . . . . . . . . o. 29 !l. 21 • • • • • • . . . . • • • • 0. 0 
M
Calcium sulphate.............. .... .. . . . . . . . . 0.18 ••••••.........•....... • • • • ···•·· · · · · · · · · 
ao-nesium sulhhate 0. 04 .••.•.. ...... . •··· •• · · • · · • · • 
it~~~~\!~~7~;/ it : ;:: :\l;l: ·::: :: : :rn :::::::::::: i : :::::) :J :::;) :: ; ; ;; 
Manganese phosphate......... Trace ............................. • • • • • · · · · · • · · · · · 
fydrio sulpbi<le . .................................... _ .. Trace ......................... , ......... --- --- ·-·--
odi!]m chloride. . . . . . . . . . . . . . . o. 19 o. 14 0. 01 0. 01 
!l~'.:'~~EIC/·
1
:::::::~fif ::::::~!j! ::::::)} ::::<I; '.'.:'.'. :'.'.'.:'.~ 
1'otal. ................... --18.69 23. 22 0.161 O. 24 
• G. 'Bode, aoalyet (1884). • C. F. Cbaorller, analy t (1876). •J.M. Hirsh, analy (-.:, · 
~ G. Bode, annlyet. 4 Walter . Haine , aoaly t (1880). 
(284) 
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. Parts in Grafos Grains per Parts in Grains Grains 
1,000.• pergallon.a imp.gallon,b 100.0 pergallon.d pergallon.• 
Sodium bicarbonate......... . . . . . . . . . . . . 1. 18 1. 28 ..............••.................... 
Calcium ..............•....................... ·...... . .. . . . . . . . . . . 0063440 ........... . . -.-........ . 
-Oalcium carbonate.. . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 6222 ...... . .... . 
Calcium bicarbonate........ 0. 24 11. 72 17. 67 ............ ·........... . 1. 5470 
Magnesium... . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . • 0036072 ..••....... ·. . ........••• 
Magnesium carbonate . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 10. 9739 ........•... 
Mllgnesium bicarbonate.... 0. 28 6."31 13. 02 . . . . . .... .. . ... . . .. . . . 1. 3238 
lrQp. bicarbonate........ . . . . . • • • . . . • • • . . . . • . . . . . . . . . 0. 27 . . . . . . . . . • . . 0. 2318 0. 1298 
Sodium sulphate............ .... .. .... .. 1. 09 1. 09 . .. . .. .•. . .. 12. 7978 ........... . 
~!iE::1~~!t::::::: :::::::~-:~~: ::::::-:::::: :::::::~:~~: :::::::::::: ::::i~.:~i~~: :::::::::::: 
~~gt~:~t\:t~~- :::::::::::: i::~ ······ · i:ii · ···· ·· ·i: i2· :::: :: :::::: · · · ·00:2001 - : ::~:: ::: : :: 
Calcium chloride............ o. 51 ......................................................... - .. 
Magnesium chloride........ O. 13 . . • . . . . . . . . . . .•..........•............... - -. • . . . . .••••. -., . -
Lithium chloride . . . . . . . . • • . 0. 02 ...•................ ........••.................. .... -.. -... . 
Potassium chloride • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... _ ...... _ 3. 8064 ...... ..... . 
!l!~;1;;]if :::~:::::: :::::::::::: :::::::::::: ::::::i;~: :::::::::::: ..... ~~~;~ :::::::::::: 
Silica ..•... - -.. . • . . • . . . . . • • . 9. 02 , 1. 04 1. 04 { Un?,etr-} 2. 8430 0. 8106 
Alumina.................... .•.... ....•. ..•.....•... ...... ...... ~1i!no 0. 06l0 O. 0467 
iir:g~i:i~~i ::;;;; ;;;;;; ;;;; ;: :;;;:: ;;;: ;: ::: : ;; : ;;;;; :;;  ; : { ~~~} ::; >:;:; ;;: : : ::  :;
2:;~~~~!11~~-: :::::: :::::: :::: :::::: :: :::::: ::: : :: : ::: : : : : : :: · ... ·. ~~~~~~~- · · · .. T~~~~- : ::::: ::: ::: 
Total ........•........ li.47 
• G. Bode, analyst. 
b I. Campbell Brown, analyst (1874). 
21. 51 37. (!6 . 0240322' 137. 0348 3.8579 
• C. Dwight Marsh, analyst (1885). • Prof. Daniels, analy1t. 
d G. Bode, analyst (1876). 
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MINNESOTA. 
The list of Minnesota; springs has been compiled almost entirely from 
Prof . . N. H. WinGhell's reports on the geology and natu_ral history of 
the•State. No previous list credits the State with any mineral springs. 
In fact the_y are only beginning to attract attention. .Although se~era1 
have some local reputation, as yet only two are utilized to any consid-
erable extent as resorts, and the water of only one is fo1;md on sale. Two 
salt wells have been developed in the extreme north western part of the 
State, and they have been included in the list. Big Stone Lake, which 
is an expansion of Minnesota River, has also been included, as the 
analysis shows that the water contains a large amount of sulphates 
and considerable silica. 
Minetal springs of Minnesota. 
Name and location: Remarks. 
0 
Big Stone Lake, Big Stone County . . . . . . . . . . . . . . . . . . . . . Saline•••• · · · · · · L 1 tati Bryan's Mineral Spring, near Minnesota 1 . . . . . . . . . . . . . . Calcic.... . . . . . . oca repu on. 
City, Winona County. 
Calcareous springs: . 
In section 22, Osborne Township, Pipe . .... .. ...... . ...... Calcio ... .....• . 
Stone County. 
Near mouth of Bi_e: Stone Lake, Big ..•••..•...•...•... Calcio ......... . 
Stone County. 
Oarbureted springs: I 
Near Free born and .A.Id en, Free born Co. . . . . . . . . . . . . . . . •.....••..•... -• • • • • • • · 
Ohalybeate 8prings: · 
On south branch of Cot.tonwood, near .. . .............•.. ..• •...•..•••.•.... 
.Amiret, Lyon County. 
In sec. 16, Holly Township, Murray Co ... ..........•..••..•.••.••••.•••.••••. 
In Home Tow:r:iship, Brown C~unty. ·.· ... .•..... . .. •. .••....••......••. •····· 
In sec. 14, Kiester Township, Fan .............•..•..••.•....•...•.•••••• 
baalt County. 
At southwestern end of Lake Bentcm, ...............•••.•.••...•..•• • • • • • • • 
Lincoln County . 
.At western end of Lake Benton, Lin• :! .••..••.••••••••••••••• •· -•·· •·· 
coln County. 
In sec. 5, Otisco Township, Waseca Co . .................•......•.•••••• •····· 
In sec. 9, Otisco Township, Waseca Co ............••..•••....••••.•••••...... 
In sec. 22, Manyaska Township, Mar. . ..............•• _ •..•.••..•....•• • • • • 
tin Uonntv . 
.At Schwartz Lime-Kiln, Ottawa Town• ................•••..•••.•.•••........ 
ship, Le Sueur County. 
In Stat I T h · a· C  e Y own11 1~ rown onnty ............. . _ . ....... .•••..•••.•.... .. 
n sec. 30, Swedes orest Township, .... .. ..... .. . .••.... .••.•• .••.. .••• • • 
. Redwood County. 
Ohalybeate and sulphur springs.- I 
ieisi.gi:t
1
ir prinir, Rochester, Olmsted Co. . 1 . . . . . . . . 45 . . . . . . . .. . . . . ... . . Local 
Do. 
Do. 
1not\·v:~ufGI~~:·. three miles l'Outh 1 · ............. .................. ..... . 
I uf o ~ alt Well, Kittson Co .......... ........ ... . .. ..................••... 
nff~c~~ntlrings, Minn apolis, Henne- 3 15t ...... .Alkaline . ....... Ueed.OOM 
.Jtineral springs.-
Min~ n. f~i?~~nty .. .. ·. . ...... ... . ................. .• •.. . 
1 
Chalybeate .... . 
Owat~a M' racr ,tat~on, Lyon County. l .............. Saline······ ... . 
. tonn°~\,e 
1
rn .~~nt/nng , near Owa- 9 . ••..•• . ...••• .Alkaline, calcio. 
:ilt Lak M bnrrie (?) Town b. L • 1 '- lin . (Jui.Pnrl' Coun v. s ip, ac. ······ ...... . .. ..... ,ai.o.A e. ······· 
axint in f'nt' 'alt W 11 int Vincent ................... ·I·· ............... . 
1tt n 'ount:v. ' , 
· ulbphnr ·pring ·. ction 20, Ed n Town. 2 I 
Ip, Pip 'tone 0llDty. · · · · · · · · · · · · ·· · ·· · · · · ·· · · · · ··• ·· 
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.Ana:yses of mineral springs in Minnesota. 
Constituents. 
. 










Grains Grains Grains Grains 
per gallon. a per gallon. per gallon. b per gallon. 0 
Sodium carbonate...................... . . . . . . 52. 41 ..... .... . .... .... • • • - • • • • • • • • • • · · · · · · - · · · 
Sodium bir.arbonate........ .• • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 86 . ••••• • - • • • • • - • • • • • • • • • · · · · · 
Calcium carbonate............. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 62 9. 79-
Calcium bicarbonate......................... 16. 37 13. 20 . - ........ • • - .. - - • • • • • • • • • • • 
Magnesium carbonate .•.. : ............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 08 4. 6~ 
Magnesium bicarbonate...................... . 8.40 5.29 ........ o:oo·· :::::::::::::: 
Potassium carbonate ............................•.............. - . ... ·. -.. • 
Iron bicarbonate.. ....................... . . . . O. 54 0. 62 .... -• - • • • • • • • · · · · · · · · · · · · · · 
Lithium carbonate........................... .............. . ... .. . . . . . . . . Trace Trace 
Calcium sulphate ......................................... .. ...... .. . . .. ....... - . . . . . . . 0. 12' 
i~1;~:=~:1;tai~:::::::::::::::::::::::::: g: t~ ........ ~·.~~ .. g: t~ g: f~ 
Sodium chloride . . . . . . . . . . . . . . . . • . . . • . . . • . . . . O. 34 O. 17 0. 03 0. 07 
PCotaRsinm nitrate............................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace . • • • • • • • T;~~~ 
alcinm nitrite ......................•••..................... a ••••••••••••••••• •• •• • • • • 
f1:~~~d_e_: ····:::::::::::::::::::::::::::::: ...... ··o: io .. ······. ·o.'2s·. } 0.14 0. 01. 
Manganese bicarbonate...................... Trace .......................... • • -• • • • - • • · · • • · · 
~;m;~liif ~;~~-.:.::::::::::::::::::::::::: · · · · ·. :~:::. · : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~~~~~-
Organic matter ........ : . . . . . . . . . . . . . . . . . . . . . Trace Trace . . . . . . . . . . . . ... • • • • • • • • • • 
Phosphates .......................................................... . . , . Traces ............ • • 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 79 1. 12 0. 95 1. 22 
Free carbonic acid ...••............ : . . . . . . . . . 4. 34 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
1-----·1------1------- -----
Total .................. ······· ~····· .. . 85.02 
Constituents. 
22. 82 18.40 





Grains Grains Grains 
per gallon. d per gallon.• per gallon .• 
Sodium carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace . . . . . . . . . . . . . . . ............ . 
Calciam carbonate....... . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 41. 25 6. 44 ~[;:~l~rt:::: :::::: ::): ::::::::::: ::: :;:::: :::::: :;; ;; : .... : .. I::. ,:rn 
~fa~!f~~ms~fJ;i~t;e.::: :: :::::::::::::: :::::::::: ::::::: :: : :::: :: : : : : : : :: i: ~~ ..... ... _7~·. ~2 
lfod1~:iihfoii~
1i~~~~::: ::: :::::::::::: :::::::::::: :::::::::: ...... T;~.;~· ........ ·o: ss·. 2, 7~1: it 
Calcium chloride........................................... . . . . . . . . . . . . . . . .. . . . . . . . . . . . 42. 26 
Potassium chloride.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156. 55 
Iron protoxide..... .. . ...... ..... . . . . . . . ..•.. ... . ..... .. . .. . 0. 66 . . .... . _ ......•.• •.•••. . ... 
Alumina . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 38 
Silica.... . ...... .. . .............. . ...................... . .. . 2. 27 6. 21 12. 15 
Total. . ..... ......... .. .............. . ............ .. . . 156.46 I 32. 28 I 
•Enno Sander, analyst (1875). 
bWilliam A. Noyes, analyst (1882). 
•William .A.. Noyes, analyst (1883). 
•G. A. Mariner, analyst. 
eJames· A . Dodge, analyst (1884). 
DAKOTA. 
3,336.65 
Information as to mineral waters in Dakota is meager and the data ob• 
tained are insufficient for the compilation of a very complete list of the 
springs and wells that are known to be mineralized. The Territory has 
not been sufficently developed to have much attention directed to the sub. 
ject. In some of the southeastern counties are springs and wells in which 
the water is said to be chalybeate, but correspondence with persons 
(2~7) 
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in that section does not develop much in relation to them be.rond 
fact that they are unimprove<l. There are said also to be salt welli 
in the northeastern part of the Territory. In varjous portions, al ~o, 
alkali is quite abundant in the soil, and in such regions the water pa S· 
ing through it is naturally alkaline. Such localities are found along the 
Litt.le Missouri Rh7 er near the crossing of the Northern Pacific Railroa~ 
and in the vicinity of the Black Hills. Newton and Jenney, in their re· 
port on the geology of the Black Hills, say: '' Springs issuing from the 
black clay shales of the Cretaceous on Beaver Creek were found to be 
strongly acid and astriugent to the taste, turning blue litmus red and 
probably containing alum and free sulphuric acid. Similar spring 
were reported to be found ·near Buffalo Gate, on the southeastern side 
of Black Hills." Springs in the Carbonife~ous rocks of this region are 
naturally bard, but would scarcely be classed with mineral spring~. 
The Uhicago and Northwestern Railroad Uornpany have bad a number 
of wells and springs on the line of their road ·analyzed, and several of 
them are mineralized. These have been included in the list and the 
-analyses are given in the table following the list. 
Mineral springs of Dakota Ter_1·itory. 
,;, lo i.. 
bl) i:i. .<:l • .a = 111 rr-i I-< i:. 
~ 0 (1) 
Name and location. .... ~ ~ j Character of the Remarks . 0 blio water. 
~ .s.zi i.. Q;> 
,Q 
~ 
i::i. s ~ ~ ~ 8 
------
Aberdeen Artesian Well, Aberdeen, Brown . . . • . . . . . . . . . . . . . . . . . ....... ..... • • • • · 
County. · 
Acid "JJrings: · 
On Beaver Creek, Custer, Custer Co... ... . . . ....... .................. •····· 
Near Bnffalo Gate, Custer, Custer Co .................•.............. • • •····· 
At Devil's Lake, Ramsey County .. ... ..... . .............. Saline ........ . 
Artesian wells: 
At Clark Centre, Clark County........ . . . . . . . . . . . . . . . . . . . . Calcic ......... . 
At Devil's Lake, Ramsev County...... . . . . . . . . . . . . • . . ... . . Sulphur,chalyb• 
- eate. I 
At Saint Lawrence, Hand County ......................... Saline .... ..... . 
Dakota Ilot Springs, Hot Springs, J:f'all . . . . . . . . • . . . . . .. . . . . . . . . . . . .. . . . . .. . . . Resort. 
River County. 
Duosti1h Min ral Spring, Dunseith, Ro• 1 ........ ... .................... . 
lette County. 
Gary Mineral Spring-, Gary, Deuel Co . .... 1 ............................... . 
Mineral springs or wells: f 
Io Bon How me Uouoty . ............... . . . . . . . . . . . . . . . . . . . . Chalybeate ..... 
i;J~!i~~:J£~~f :~~-~ ·.ci~~~i;:: ~:: · : : : : : : : : : : : : : : : : : : : : : ?:~~'.~~~~~:::::: 
On Me<li ·ioe Ureek, 30 miles a t of ...... , ........ ..... . Saline ......... . 
Pierre, Hugh County. I I 
Near .Mis~ouri Ri'l"er, at Pierre, Ilugbes . . . . . . . . . . . . . . . . . . . Alkalio , saline 
onnty. 
At foot of Bluff at Pi rre, rru .-.be Co.. . ... .. ........ .. .. .. alioe ...... ... . 
On W<•st l'bor of Ili~ tone Lakf>, . . . . . . . . . . . . . . . . . . . . Chalyb • t , en: 
Grant Conn1'·. I cic, sulphur. 
Salt spring : · 
1 •• c~~ ~;~~:;i~i~n,'T,almlL~:ac~f~t; :::: :: ::: : :~ : : : : :.: : : :::::: :::: :. ::: : :: :::::: 
,{~ pb11r, prlnrr ,DP\'il' Lak I narus yCo 2 ........... .. . ················· 






10~1, prin~ , \Y iugton pring'I, I 3 . • . . . • . . . . . . . . Ch I b at lllld 
• • 11 < onuty. j ulphurct d. 
(2 
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Grains Grains Grains Grains Grains Grains 
per gallon. a per gallon. b pe1· gallon. b per gallon. h per gallon. b per gallon. b 
Silica . . . . . . . . . . . . . . . . . . . . • o. 9911 1. 63 1. 99 3. 47 1. 53 l. 33 
Iron oxide . . . . . . . . . . . . . . . . . . 0. 0349 . _ . _ ....... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . - . 
Iron protoxide ....... . . ................. '. ........... { 4 07 5 0. 74 Trace . . . . . . . . . . Alumina .............. _..... 0. 0816 . . . . . . . . . . . . 5 · l . . . . . . . . . . . . 0. 01 0. 19 
Calcium carbonate.......... 1. 4157 9. 68 47. 14 8. 42 31. 31 9. 20 
Calcium bicarbonate........ 18. 7245 ...•......... _.... . . . . . . . . . . . . - . - - • . . . . . . . . . ............. . 
Sodium carbonate.......... . • _......... 1. 21 3. 34 Trace O. 54 .......... . 
Magnesium carbonate . . . . . . 0. 0611 o. 11 .••• _. • • • • • • 3. 93 6. 57 2. 39 
Souhtm ·chloride . . . . . . . . . . . . 38. 8609 O. 19 ........ _. . . 8. 89 4. 33 1. 26 
1oa~:~~rns~ft~~t~~: :: : : : : : · --ii: iiso --: ::::: ::: : : : ..... ~~--~~ -. : ::: :::::::: : ___ ---.. --- : :: : : : : :: : : : 
Calcium sulphate .. _ ... ___ ......... __ . .. 1. 76 4. 56 ...... ··-. _. . _ .. . _ ......... .... ... . 
So<liurn phosphate . . . . . . . .. . Trace . . . . . . . . . . . . . _ ........ ·. . . . - . ... ... - . - . - . . - - . - - - - -- - - --- . -- - -
Sodium sulphate............ 49. 4604 . . • . . . . . . . . . 168. 54 38. 92 133. 76 . - - • - - ..... . ~!:,:.:'·;· :: ::: :: ;~~:r :~:::: ::~:;::: ::: ~,;:i: ;;~,; ____ :_:::; 
•Erastus G. Smith, analyst (1885). b G. A. Mariner, analyst. 
!OW.A.. 
Mineral springs are not of common occurrence in Iowa, although many 
wells, both artesian and ordinary, are frequently mineralized. Neither 
Walton nor Moorman mentions any of the springs of the State. The 
present list is mainly the result of direct correspondence with the dif-
ferent spring-owners aIJ.d local authorities. The springs are· of the same 
general character as in the adjoining States'. The occurrence of acid 
springs is interesting from a geological point of view. Colfax Mineral 
Spring is probably the most widely known of the places of resort. 
Mineral springs of Iowa . 











Acid Spring, at coal mine on Bluff . --- -.. -- . . . • . . -... ---.. _ ••..••••••• 
Creek, Monroe County. 
Artesian wells: 
At Webster City, Hamilton County 6 . - - .. - ... __ . _ •••••.. __ •••••••. 
AtFarmin[!ion, Van Buren County------ ·-······ ---· -·-··· -····· .•.••. 
At Ra~er s Ferry, Allamakee Co . . --- -...•...•.. _ ...•.•.•.••..•... __ . 
~~!;0 r:~~;ebe1g:ni~;e~i>o~"t:- :::::: :::::::: :::: :::::::::::::::::: 
Scott County. • 
At Dubuque, Dubuque County . _ ..... - ... . . __ .. __ . Slightly sulphu-
reted . 
.A.t Lansing, Allamakee County .......... --· ---·. _________ . ---·- ···---
.A.t McGrego1:J Clayton County . - .. ----·· .. ....... ___ -·---- ___________ _ 
Chamberlain (or .::,torm Lake) Mineral 3 2,000 48 Saline .. ___ ... _. 
prinp,s,, torm Lake, Buena Vista Co. 
Cherokee Magnetic Mineral Springs, ------ ·-·· ·--· .•.. ----·- ----·- ___ __ _ 
Che,okee, Cberokee County. 




Used commercially and 
as a resort. 
Do. Colfax Mineral Springs, Colfax, Jasper 
Coun~--
Duobar's Mineral Spring, near Col-
le,20. prin<YS, Page County. 
Big Mmera.l §pringand Flowing Wells, 
Rosenkrans .Park, Webster Uity, 
llamilton County. 
100 56 Calcio . _ -... -- -. Sold to limited extent 
and used as a reijort. 
33 . _____ ·-· _. - --·· .. Used locally. 6,400 
Bull. 32-11 (289) 
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Mineral springs of Iowa- Continued. 
,,; ~ r-: Cl) 
bl) j:l, i = tr) ~ . -~ = ~ 0 oS ~r-: ~ Character of the Name and location. ""' = Remarks. 0 bl)g "ti water. ~ ~.i= t Cl) .::: 
's ~ 
j:l, 
= i z ~ ~ 
Gypsum Spring, Fort Dodge, W abater .......••....... 
0
•• Alkaline ....... . 
County. 
Henryson's Artesian Well, Story City, ... . . . . . . . . • . . . . . . Chalybeate..... Unimproved. 
Story County. 
2 Acid ............ Local reputation. Iowa .Acid Spring, Eddyville, Wapello 
County. 
Kinersl.v's Well, 1 mile from Keosau- .•••.•..•..••......••. do ......•.... 
qu~, Van Buren County. 
Linwood Spring, Linwood, Scott Co... 1 30,000 56 .••..•...•......•. Resort. 
Magnetic Spring, Lehigh, Webster Co ..•.................................. Used locally. 
Maulsb_y's Spring (well), a miles north 1 400+ . . . . Saline . . . . . . . . . . Local reputation. 
of Dexter, Dallas County. • 
Mineral sprin{f_S: · 
.At Fellow s Grove. Carroll County. . .................................. . 
At Iowa City, Johnson County ..•....••.......•...................•• -• 
Near Big Spring, Wayne County .........•............................ 
Mineral Wells (artesian), north of 16 .••..••. 47 Chalybeate ..... 
~mes, Story County. 
40 54 .Alkaline, saline. Ottumwa Medical Sp~gs, Ottumwa, 
Wapello County. 
Phrenix Mill Sulphur Spring, Daven- ...................•..•............. 
port, Scott County. 
Prospect Park Mineral Springs, Des ....•......•.........•..... .. ....... 
Moines, Polk County. 
Siloam Springs, Iowa Falls, Hardin Co . 2 420 48 .Alkaline, calcic. 
Sulphur and Iron Wells, Howard Co ................••••.................. 
s1~~~~ v1~~e~h:t°1.phur Springs, 2 • • • • • • • . • • • . Sulphur ....... . 
Watkins's .Artesian i ell, Story City, .......••......•.. Carbureted and 
Story County. calcic . 
Constituents. 
.Analyses of niineral springs in Iowa. 
Colf~x Mineral Dunbar'sMin-
Sprmgs (Old eral Spring. 




Unimproved, one is sup-
posed to have m edici-
nal effects. 
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Harper's ' near Daven• ' or S=r~ike Ma1ZDeti<: Min• 
Ferry. port. Springs. eral Sprmgs. 
(bM11,1 (b(11111,8 Grams <bains <bains 
per lit.ff. • per mer. • per Ziter. a per gallon. b per gallon.• 
Magnesium carbonate.... . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 02 . • • . • . . . . • . . . . . 8. 21 
Calcium carbonate . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . 0. 02 5. 93 
Lime... .................. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14. 46 . . • . . . . . • . . .•. 
Iron carbonate . . . . . . . . . . . . • . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . ... _ . . . 11. 26 
Sodium bicarbonate . . . . . . . . • . . • . . • . . . . • . . . . . . . . . . . . • . • . . • • . . . . . . . • . . . . . . . . . . . . . . . . . . . 0. 01 
Sodium carbonate . . . . . . . . . . . . . . • . • . . . . . . . • • • • . . . . . . . . . . 0. 29 . . . . . . . . . . . . . . . O. 31 
Sodium...... .......................................................... 0.47 .•............. 
~l~:tit~~~:::::::::: : : : : : : : : : : : : : : : : : : : : : : ; : : : : : : : : : : : : : : : : ~: t: · · · · · · · · · ur : : : : : : : : : : ~ ~: ~~ 
gw~r~i~~~~.t~:::::::: ::: ::::::: :: :::::: ::::::: :: :::::: ::::::: :·: .. :: :: ······ · ·· o:ii ............. ~·. ~! 
Sodium chloride.......... . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . 0. 14 .•.•........... . .......••..••. 
Maj?Ilesiam oxide . . . . . . . . O. 07 O. 04 .•...........•.................••.•.......... 
Calcium oxide............ O. 45 0.10 .••..••.•.••••...•..........•..••...•. .. ..... 
154~/lE:ll ::::::::\{ :::::::\{ r;;;:::'.;'.!! ,;;; :;;;;;; ::;i:, 
Hydrochloric acid........ . . . . . . . . . . . . . . . 0.10 .••••••..........••••............•.. .. .. .. .. . 
Iron and alumina oxides.. .... .. . .. ...•.. . ..... •. . .... .. . .. . .. • .. ..••.. 0.18 •••••...••..... · 
Ca:bonic acid for magne• . . . . . . . . . • . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 5. 51 .•.••.......... 
~ . 
Hy~rogen for the magne .................•................•........... 
e1a. 
Total. ..•....•. . .... 1.58 0.41 1.02 
Gas. 
0.25 
59.95 27. 93 
Oubic inches. 
Carbonic dioxide .......•..•••••.•..•.•. · \ ·....... . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59. 30 
Constituents. OttumwaMed• Henryson's Watkins's ical Springs. Artesian Well. Artesian Well. 
Siloam 
Springs. 
<ha.per gaU.e Gm8.perZiter.f Gma.per~ter.r Ors.per gall., 
lfaj?Desium carbonate . . . . . . . . . . . . . . . . . • . 80. 80 0. 1184 0. 1246 .........•..... 
Calcio.m carbonate....................... 22. 26 0. 1910 0.1990 ..•.•..... .. ... 
Iron carbonate . ... , ...................... 2. 94 ••••......•.•....••••...•......••.•.•........ 
Sodium bicarbonate...................... .••• .. . . •• . . . . . . . .. . . . . . ....•. ....... .•... .. . 2. 5003 
c~~hl~·b1~a~boii°aie: ::::::: :: : : ::: :::::: ::::::: ::: : : ::: ...... . ~-.~~~~ ......... ~·. ~~~~ .. · ·······is." iiiiJ 
~~fo!TA~1~~~~\1~:~oiiaie:::::::::::: ::::·::::::::::: ::::::::::::::: ::::::::::::::: 1g:~;~g 
Sodium sulphate. . . . . . . . . . . . . • . . . . . . . • • . 200. 88 • . • . . . • . . . • . . • . . . • • . . . . . • • • • . . o. 4270 
Potass-.un sulphate ...... . . • • . . . . . • . . . . . . 2. 23 ••••••.••.•.••..•••••....••••..•••••.••....•. 
Calcium ~ulphate . . . . . . . . . . . . . . • . . . . . . . • . 88. 28 . . . • . . . . . . . • • • • . . . . . . • • 
if~!~.~~~~~~.:::::: ::::::::::::::::::: 5U~ %~: ...... :&:~~i~:: ·········gjt~ 
A.lamina.. ... . ........ .. . . . . . . • . . . . . . . . . Trace . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 0.1170 
t;~nci~f!:f~· o~des ~:::: :::::::::::: .. ..... ~~ ......... o." oia5 ......... o." ooilo ........... ~~~~~ 
Loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0008 o. 0009 .••...•.•...•.• 
Total ......... .. ... ....••..•....... 
• Ruah Emery, analyst. 
b Walter L. Brown, analyst. 




0. 8620 0.4710 
•Jamee Carter, analyst (1888). 
'F. W. Clarke, analyst (1885). 
• Gustavus Bode, analyst. 
82. 8617 
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MISSOURI. 
This State is rich in mineral springs, which are of great variet:J, 
Only about one-fifth of them are improved, but among the latter a 
several that, are well known throughout the State. 
As far as known the springs are very similar to those of the neigh-
boring States, saline, sulphureted, and chalybeate springs predomi 
nating. 
Many of the counties have salt springs or wells, and at one time the 
production of salt from them was a considerable industry. The Ii o 
springs given here has been compiled mainly from the State geological 
reports and from various hand-books. The present status of the varion 
.springs has been determined, whenever practicable, by direct correspond-
ence with the spring-owners. · 
Name and location. 
Alum wells: 










Character of the 
water. 
In section 3,township 32, range .. . . ..... . ... . .......•......•......•.. 
29, Barton County. 
In section 35, township 33, range ....... ,. .. .. . . ...........•...... . .... . 
29, Barton County. 
In section 23, township 33, range . . . . ......... ..... ......•............ 
33, Barton County. 
In Milford, B:irton 'county ..... . .. . . . ... ............ . .............. • • • 
Arlington Springs, 8 miles south of 20 . . . . . . . . . . 65 Saline, sulphu-
Marshall, Saline County. reted, &c . 
.A.rnica Sprin_gs, near Stockton, Cedar . . . . . . . . . . . . . . . .. . .. ........... . • • • • • 
County. 
.Aurora Springs, .Aurora Springs, 3 300 Saline . . . . . . . . . . Resort . 
Miller County. 
Belcher'R .A.rtPsiao Woll /2, 199 feet), l { 73 ! d 
Saint Louis, Saint Louis County. 5 · · · · · · · · · · }~ 5 · · 0 • • • • • • • · • • · 
Bethesrla Springs, near Stockton, Ce- ............. . 
dar County. 
Big Salt Springs, West of Marshall, . . . . . . . . . . . . . . 60 Sulpho-saline ... 
Saline Gounty. 
Bla~kensbip's Medical Springs, 2½ i 100 2 ooo+ {:! ................. . miles north of Houston, Texas Co. 5 ' 75 5 
Boone's Lick, Boones borough, How- . . . . . . . . . . . . . . ................. • • • • · · 
ard County. 
Bowsher Mineral Spring, H miles . . . . 200+ 50 Chalybeate .... . 
north of Princeton, Mercer County. 
Bratton Spring, near Columbia, Boone .... .•••.•..• .. .... . .......••......... 
County. · 
Buffalo Spring, near Louisiana, Pike ............. . ........... .. .......... . 
County. 
Bnkbart's Sprin/?, 2 miles west of ......................•............ • • • 
Franklin, Howard County. 
Cedar pring , 7 miles east of Eldo- 7 200 •1 Chalybeate ..... 
rado Sprina , Cedar County. 
Ohalybeate springs: ! On Hog and Ilazcl Creeks, Adair ...•....... ·- .... ., ........••.•.••. • • 
Coant}, 
¥n t~ti:nu~. ~~~~h1pCJr:Zn-ge· :::· :::::::::: :::::: :::::::::::::::::: 
28, Ct·dur County. 
In
2
e1· ·tiou 22, township 34, range ............................. ........ . 
8, clnr County. !t Trtptng. Prinj, Boone Co ....... .•....... . ............•••.•..••••• 





Mineral springs of Missouri - Continued. 








Ohalybeate springs-Continued. 0 
Character ofl the 
water. 
:Near Mount Moriah, Ha.rrison Co. . . . . . . . . . . . . . . . . . . . . . ................ . 
Six miles north of Knobnoster, ........... · ..........•.•...••.•..••••• 
Johnson County. 
Ten miles south of Warrensburg, ........................ - - .......••••. 
Johnson County. 
In section 12, township 62, range . . . . . . . • . . . • . . . ••••..•.••..•.......... 
IO west, Knox County. 
At Lexington, La Fayette County ................••..........•••.....•.. 
On .Bryant's Creek, Lincoln Co ..............•...••....•.•.........•••.. 
Near Louisville, Lincoln County. . . . . . . . . . • . . . . . •••...............•••.. 
West of Shafl)sburg, Marion Co . ......•.••......•••.........•.•...••••• 
At Jacksonville, Randolph Co ........................................ . 
In section 34, township 64, range .......... . .......................... . 
21, Sullivan County. , 
Wflst of Osceola, Sa1nt Clair Co ....................................... . 
Near Smithton, Worth County ..................••..•................. 
Choteau Springs, 10 miles from Boon- 4 600 58 ..... . ........... . 
nllti, Cooper County. 
Cheltenham Springs, Cheltenham (1), 
Saint Louis Conaty. 
Clark's Sulphur Springs, 5 miles from 
Warsaw, Benton County. 
165 
Remarks. 
Has local reputation, 
but no improvements 
at present. 
Climax Springs, Climax, Camden Co .. 7 . • -•... - . . un Saline . . . . . . . . . . Resort. 
Cole's Springs, Marshall, Saline Co... 4 ..•..••....•••.. Sa~!a., ~h~~~~: 
eate. 
Columbia Cbalybeate Springs, Boone ..... . ••...... ........................ 
County. 
Copperas or Sweet Sulphur Springs, 2 90 60 ......•...•...•... 
Sec. 33, T. 51, R 2 W., Lincoln Co. 
Crystal Springs, McDonald County . ....................................... . 
Davis's Sulphur Springs, Pike Co .........••••............................. 
Dawson 's Springs, East of Osceola, . .. . ... .. . ..• . . ... .. ... . ............ . 
Saint Clair County. 
Du:on Springs, Cnreall, northwest 50 
of West Plains, Howell Co. 
Eldorado Springs, Eldorado Springs, 3 
Cedar County. 
1, 300+ ..•••. ······ ·•····•····· 
180+ ..... . ·················· 
500+. ... . . Chalybeate ..... 
Do. 
Unimproved. 
Resort and used com-
mercially to some ex-
tent. 
Used as a res01·t 11.nd 
commercially. 
Resort. Eldorado Springi1, section 1, town- 50 
ship 21, ran~e 5 west, Oregon Co. 
Elk Springs, Elk Lick Springs, Pike 3 . • • • • . • • • • . • • • • • Saline 7.......... Summer resort. 
County. 
Ellis Well, near Nevada, Vernon Co ...............................•........ 
Excelsior Springs, Excelsior Springs, 4 • • • • • • • • • • . • • • • • Saline ..••...... 
Clay County. 
Fairview Mineral Spring, Denver, 1 50 Chalybeate, sa- Resort. 
Worth County. line. 
Fike's Lick Spring, 2 miles from Elk 1 . . • • • . . • . . . • . . . . Saline 7.......... Unimproved. 
Lick Springs, Pike County. 
Ford Springs, on Big Ransom, Pike ..................................... . 
CQillJty. . 
Gore ham's Lick,_ Randolph County ........•••••..•..•••....•............•.. 
RaP.enlmsh Sprmg, Cabool, Texas 1 ................................ . . 
County. I Rarriman's Sulphur Spring, Cooper . •.. . .•. ..•.•. 58 ..••..•••••..•••.. 
County. 
Houtze's Sulphur Springs, section 1, ..................................... . 
town hip 36, range 29, "Vernon Co. 








: ~ _ . _ . ___ . __ __ . ___ 5 Resort to a limited ex-
1IcDonald County. 5 { !l5 i tent. 
Jericho prinl?S, J ericho, Cedar Co... 21 100 : .•••• ........... ....•.. Local resort. 
Laiidreth'sMineral Well, Knox City, ... . 1 ...... Saline, chalybe- Resort. 
Knox Countv. ate. 
Le Out re Lick· 'prings, west of Dan- ........•............................. 
nlle, .:if ontgomery County. 
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Mineral springs of Mis,ouri-Continued. 
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Name and location. 
.... ~i,; i Character of the 0 ~g water. 




-~ 0 ~ 
:zl ~ ~ --------
0 
Lewis Spring, 1½ miles from Glasgow, . . . . . . • . • • . • . . . • • • . . • •••••. -• - . - -. • - • • 
Howard County. 
Remarks. 
Lindsay's Lick, near junction of Big . • • . . • • • . . . • . . . . . • . . . •.• •. •. • • • • • • • • · • 
and Little Ramsey, Pike County. 
Louis Spring, Greenfield, Dade Co . . . l • • • • • • . • • . . . • • • . Chalybeate . . . . . Reaort. 
McAllister Springs, on Blackwater ..•..•••••.....•••••..•.....•.• - •. • -• • 
Creek, Saline County. 
Mera~ec Springs, near Nasby, Saint .....•.................... •··········· 
Louis County. Merriwethcr's Epsom Springs, Pike .....••.•............ - • - • • • • • • • • • •· • · · 
County. Mineral Springs, Panacea, Barrv Co ....................... •········· • •····· 
Mineral springs: • Six miles east of Cassville, Barry . . . . . . . . ... . . . . . • . • . . ......... • - • • • - • • 
County. In section 18, township 40, range . . . . . . .. ....•. .••. •. Saline ......... . 
82, Bates Countv. In section 22, township 40, range . • . . . • . • • • . . • . . . . . . . . ••• do .••••. -.. - . 
29, Bates County. 
In Elston, Cole County. . . . . . . . . . . . . . . . • . • • • . . . . . • • . . . Sulphureted, ea-. line. 
Near Elston, Cole County ..........•...................••.....•..• •····· 
Two miles from Knobnoster, .................... .Alkaline ....... . 
Johnson County. Three miles northwest of War- .................................... .. 
rensburg, Johnson County. 
Near Spring Hill, Livingston Co .................... . Saline, eulphu• rated. 
Oneanrl one.half miles from Lane's .................•..........•..•..•• • • 
PraiJ:ie, Maries Vounty. In McDonald County . . . . . . . . . . . . . • • . .•.••............••........•••• • • 
On Blackwater Creek, near Tenny . . . . . . • . . . . . . . 51 ................. • 
Creek, Saline County. Near Houston, Texas County ..••.....................••••••..•••...•... 
Eight .miles southeast of Mar- 4 . . . . . . . . . . . ......•••............ • • 
shall, Saline County. Near Glasgow, Howard County.. 2 ••••••.••.••.•••••••••••••••.••••• 
Mineral Well, west of Crescent Hill, . . . . .... .. ..•. .... .. Saline .••..•.... 
Bates County. Mint Sprini:i:, 5 miles northeast of ............•.......••••••...•.•...•. • 
Hartville, Wri.ghL County. --······- ·----- ················--
Do. 
Monagaw Sulphureted Springe, 10 
miles from Osceola, Saint Clair Co. 
Montesano Springs. near Sulphur 10 
Springs Landing, Jefferson County. 
150 60 
S lin ul bu Used commeroially 
aret!d. 8 p · as a. resort. 
Mooresvllle Mineral Springs, Moores- ...........•........ 
ville, Livingston County. 
Ca.lcic, saline . .. . Resort and need 
mercially. 
S1;1lphureted . . . . Resort. 
Nevada Mineral Springs, Nevada, 3 
Vernon County. 
New Baden Springs, 12 miles west of 5 




62 .Alkaline, calcic. Oncea.reeorl, now 
proved. 
Osceola Sp~gs, ! mile from Drip• . . . . • • • • • . . . • . . . . . . . . ................ -
ping Spring, Boone County. 
Paris. Chalybeate :;prinl?B, Paris 3 250+ 
50 Chalybeate . . . . . Resort. 
SY,rmgs, Lawrence Cllunty. Qrutman Red ulphur Springs, near ......••..... . ............ . ... •. • • • • • • 
Quitman, Nodaway County. 
Rand?lph Medical prlnga, Medical l 2 
prmgs, Randolph Co. 5 
pi} 2,200+ l~ ................ { 
40 50 Saline .....••••. 
.Rei~er . prin,r, M11rcer County, near 
Lmev1lle, Iow . 
Ro b _port nlphur prings (or dams 41- ··· .. . . . . ...... Sulpho•ealine .. . 
• pnog ). Rocheport, Boon County. 
alt t prin '·, . ult , pring , alinA o ..•.. .•••••..• .......• ••••• ............ 
Used commerciallY 
as a. resort. 






ad o(~o. , pring:i, Sarat-Og cDon• . . . . . •• • • . . . . . . .... I ........... ...... . 
a ,ounty. 
iloam ,prin~ , iloam 
Tiow JI County. 
pringe,} 15 I········· · l5} .Alkaline, snli:ie. Re ort . 
(294) 
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~ .a,.q ; 
,t:, 
(I: Q, a i = 0 tzi ~ ~ 
0 
Spaulding Springs, Ralls County, 12 4 
miles southwest of Hannibal. 
2,400 Saline, ohalybe- Resort. 
Stice·s Spring, ½ mile from Dripping ... . ....................... -- - - . -• - • • • 
Sprinj?, Boone County. 
ate. 
Saint Louis Artesian Well (8,848 feet), 
Insane .A.sylnm, Saint Louis, Saint 
Louis County. 
105 Saline, calcio ... 
167 
Sulphur Springs, Sulphur Springs 
Landing, Jefferson County. 
100 45 ................. . Onoe used aa a resort. 
Sulphur springs: 
In sect,ion 27, township 84, range .. .. .. . . . .. . .. .. .. . • . • .. . .. . • . ....... 
30, Vernon County. 
In section 16, township 85, range .................................... .. 
29, Vernon County 
One-half mile north of Wright .................................... .. 
City, Warren County. 
In Marion County ............................................. • • • • .... • 
In eastern part of Bates County ...................................... .. 
In Benton County...... . . . . . . . . . . . . . . . . .. .. . • .. .. . .. . . • .. .. .. . . . .. .. .. 
Two miles from Elston, Cole Co.. . . .. ... . . .. . .. . .. . • . . . .. . . .. . . . . . . . • • . Unimproved. 
In Cooper County ... . . ............................................. .. 
Near Fayette, Howard County... .. .. . .. .. . . . .. .. . . . . Saline, sulphu-
I reted. 
n section 88, township 49, range ..................................... . 
15, Howard County. 
Near Franklin, Howard County ....................................... . 
In Jefferson County .... ... ............................................ . 
On Cuivre River, Lincoln County ...................................... . 
On Li~k Creek, northwest of Ely, ..................... . ............... . 
Manon County. 
In sectio~ 6, township 58, range 1 .................................... .. 
west, Pike County. 
tt Saverton1 Ralls Conn~ ........................................... .. 
C~e~k~ R~l~kcoi:t;. pencer .................................... .. 
In section 83, township 56, range 5 .................................... .. 
west, Ralls County. 
~ Dav:1s Cree~, Saiine County ...................................... .. 
cWaf:\fiu!t;. of Osceola, Saint .................................... .. 
Twenty miles from Saint Louis, ..................................... . 
Saint Louis County. 
In section 23, township 34, range .................................... .. 
30, Vernon County. 
Sulphur Well, section 18, township ..................................... . 
40, range 32, Bates County. 
Sweet Springs, near Huntsville, Ran-
dolph County. ........... ······ ·····--··-··-···-· 
Do. 
Sw_eet Springs, near Brownsville, Sa- 5 224, 000...L. 54 Salin 
lme County. ' e .......... Used commercially aud 
Zvhfte Sps:ii1l~~~c~~l~. c~r%nes. : : : : : : : : : : : : : : : : : : ·. .. .. . . .. . . . . . . . . . . as a resort. 
n~rtheast of Osceola, §aint Clair Co. · · · · · · · · · · · · · · · · · · · · 
White Sulphur Springs, 8 miles from · 
Warsaw, Benton County. · · · · · · · · ... · · · ··· ·· · · · .. · · · · · · · · · · · · · · 
Zodiac Springs, 
County. Zodiac, Vernon } 12 • • • • . • . • • . { ii l Sa.;!~• ohaly be- f Resort. 
(295) 
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Total. .... . .......•. 20. 878 1,173.03 22.1441 187. 53 
1,428. 19 
Constituents. Choteau 
Columbia Climax Ellis Well, .Alum Well, 























<frs.p~ gall.a Partiin 1,000.h Grs. per gall.• Grs. per ga~,f,.d Grs. per gall.d 
Calcium carbonate . . . . . . . .. . . . . . . . . . . . . . 0. 122 32. 65 40. 25 9. 56 
Calcium bicarbonate . . . . 14. 88 . . . • - • • • • • • • • • • • · · · · · · · · • · · • • • • • - - · · · · · - · · - · · · · · · · · 
Magnesium carbonate ................... · · · · · · · 0. 055 ..... ........................ : .. ... ....... • • • 
~~~~~~\~~~i~~~~~~~:: ........ ~~-. ~~ ......... . o: 006. . . ... . .... i 39. . . ........ o: 27 .... -........ o: 57 
Iron bicarbonate. . . . . . . . . 18. 73 . . . . . . . . . . . . . . . . •.•.. - • • - • .. • • -• • • • • • • • • • • • • • • • • • • -• - · · · · · 
Trace 
roa~!!:1!!!pc::t:~~.~.:::: ::::::::::::::: :::::: :::: :::: ········ao:s6·· 0. 20 2. 61 
57. 93 Calcium sulphate . . . . . . . . 11. 60 1. 590 l 8. 41 
r1gne~imn s1lth~e..... . .. . . . . . • . . . . . . . . . . . . . . . . . . . . . 2~. ~; ...... . : : : : : : : : : '.::::::: ·::::: 
t~!\~¥rtt\ \/HI//+::+ :::::::) ::: i: N 
Sodium chloride.. . . ...... 2. 64 15. 757 1.17 756.11 
Calcium chloride ... . . ... .•...... ... . . . . 1. 326 . .•. . . . . . . . . . . . 'l4. 79 









~~~§~E+ \)\/\ ::::::::}j}: :::::\I ll! 
Carbonic acid ................... _...... o. 298 7. 56 . .. . . . . . . . . . ...... ..... . ... • . 
~~::;i~r:~t:c.i~::::::: .•.. _. _ .. ~-. ~~ .. : : : : : : : : : : : : : : . : : : : : : : : : : : : : : : · -· · · · · · · :i.' 05 · · · · · · · · · 4. 01 
Total .............. . 69.39 20. 581 118.67 I 1,061.94 I 152. 27 
Mooresville 
Constituents. Mineral Lewis Spring. New Baden Springs. 
Prewett's 
Well. Springs. 
Grs.per gall.• Grs.per gall.' Grs.pergall. 0 Grs. per galU 
8!}~1~: ~~~~~bi~:ie · :::::·::::::: ::: . : :: : ········ii: iii·· ........ ~~·.:~ .. · · · · · · - 20." os· · 13· 93 
:agnes!um carbonate ..... _ ..... _ .............. _ ...... _ .. .. . 73. 12 ~::::: ~: : : : : : : ~ 
I agnesmm bicarbonate .................. _.. . . . . . . . . . . . . .... _ . . . . .. . . . 2. 36 . _ ............ . 
Mon bicarbonll,te ....... _ ............. _.. 5. 07 ... _........... o. 31 ..... .. . . . .... . 
~odi!~n:~i:~t~b~.~~~ .:~:::::: ::::::::: :::::: :::~::::: ::::::: :· · ::::: ~: !~ ······ · · · · · · ··· 
Malcium sulphate . . . . . . . . .. . .. • . . . . • . . . . 4. 66 122. 91 28. 06 . 22. 28 
p agnesium sulphate ....... _ ....... _ . . . . 1. 40 ....... ... ........ ..... .. _ .. . 20. 37 ~riJ~F :~~;f~~::::::::::::::::::::: :~~~~~ :~~5-:~~~: :::::: ::::::::: =-·· .. ---::-::-.. ------ .. . -·· -·-
00<lium c loride .... __ . .. . ...•..... .. .... 2.15 951. 30 0. 05 7. 70 
~t~~:: '. :)( \\\\\\  U\\\" :::::::~ill:: \ ::::'. :jl" J \ l '.'.'.:: '.: ;t~; •• ~: ••• ::::. :::  
Total.............................. 41. 52 , 1, 208. 33 74. W ---u_ 
• ,!,ord and Stoutenburg, analysts. 
b .1..oitton, ana.lY,st. 
cPa.ul Schweitzer, analyst. 
(297) 
d Charles P. Williams. 
• Wright and Merrell, analysts (1881). 
r Regis Cbauvenet, analyst. 
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Grains I Grains Parts in Grains 
. per gallon.a per gallon.b l,OOO.b per u
7
~'.~~/ j per 
Ualcmm. carbonate . . . . . .. .. . . . .. ............ 
1 
10. 63 ' O. 300 
Magnesmm carbonate . . . . . . . . . . . . . . . .. ... ·1 I. 02 O. 024 14. 050 I 
Iron carbonate . . . . . . . . . . . . .. .. 5. 13 0. 52 0. 006 .......... .. . 
Sodium sulf,hate .................... .- . . .. . . . . . . . . . . . . . . . . . 0. 065 • • • · · •
3
.i°aio .. / · · - · 
Calcium su phate . . . . . . . . . . . . . 2. 43 45. 67 0. 355 
r~~~;1;,~~1::.~~~:::::::::: :::::::::::::: :::::::::::::: ....... ~:~~! .. :::::::ci_:~;i::
1
I::::: .- : ~ ~-=-
~:tir; :?~1r1fft:::::::::: ::::::: :::::::· :::::::::::::: :::::: :::::: :: ❖iii 
Sodium chloride.......... . . . . 4. 01 350. 61 . . . . . . . . . . . . . . 365.110 
Calcium chloride ....... _ ..... _ ... ......... _____ ... 27. 58 ................. - . .... - -- • - - •· -- · 
Potassium chloride ..•..•....... :. • . . . . . . . . . . 9. 01 . • • • • • . . • • . • • . 16. 370 
Magnesium chloride . . . . . . . . . . 6. 95 38. 34 0. 023 35. 910 
r~t~Jt~~tI11u1t ::;;;;: Ir ;:;; :: \t ::::::rt:; 1 ••• ••• ~.. :: : : : _: ~-~-~-~ -~--
Total................... . 20.88 / 483.52 I.099 /_~/ 54L 
Gases. -=-== I Oubic inchei. / Oubic inches. I· Cubic -inc.he: 
Carbonic acid . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . 6. 56 .. • . . .. . . . .. . . 46. 43 43_ -











Grains Grains Grains (}rains 
Magnesium carbonate ................... . ... . ~~~-~l!~~:~ . per utl';t(/ .!.~ ~.~l~~:: -~~~~~-·: _ 
Magnesium bicarbonate .... __ ... _ .. __ .... _____ . 3. 77C ............ .. ... - ··· · · · · · - · - - - -
Calcium carbonate........................... . .. . . . . .. .. . . . 48.100 .......... ;a." 
Calcium bicarbonate......................... 39. 720 57. 9~u 
Calcium sulphate............................ 31. 910 38. 980 38. 490 





o rnm c or1de. . . .... .. ...... .... .. ..... . 272.150 337.570 
Potassium chloride . . . . . . . . . . . . . . . . . .. . . . . . . . 11. 680 13. 050 13. 870 
Mnanesium chloride. .. . . . . . . . . . . . . . . .. . . . . . . 30. 990 35. 490 46. 230 
~jf~~m s~~:ft! :::::: :::::: :::::: :::::::::: :::: :: : : : ·: ::: · · · · ... i..560 · · ....... ~--~~~--
Sodium bisulpbide........................... 1. 974 . . . . . . . . . . . . . 1. 644 
Magnesium bromide. . . . . . . . . . . . . . . . . . . . . . . . . o. 347 O. 147 0. 879 
! {{~1~1f !~};J::")I!()/ _;_J:;;l _:i:2:;;, __ JJ 
I======== 
Carbonic acid Gases. Oubictt~· ' Oubio.~1::.t{ Oubict~~f· ulpbiveted hy~~ge·i;;_::::::::::::::::::::::: 1.43 1.98 1.'i6 
• Paul Schweitzer, analyst. 
~Litton, analyst. 
(298) 
• Potter and Biggs, analy t • 
l 
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NEBRASKA. 
The data at band in relation to Nebraska are insufficient for any ex-
tended list of its mineral springs or wells. Springs of any kind-are of 
comparatively infrequent occurrence in most portions of the State, and 
especially so in the western part. 
In many places the waters reached by wells are doubtless somewhat 
mineralized, as in the neighboring State of Kansas and in Dakota. Salt 
springs are found in the southeastern part of the State and also near 
the Elkhorn and Loup Rivers. There is a saline artesian well at Lincoln. 
So far as can l>e learned, none of the springs or wells is used medici-
nally at present. 
Mineral springs of Nebraska. 





~~ ... 0~ Name and location.- .... 1:1 ... ~ Remarks. 0 bl)O ~ t .s~ ~ !ll: ,Q 
~ 
i:i. ; s s 1:1 0 ~ ~ . z ~ E-. 0 
0 
Artesian Well, Lincoln, Lancaster Countb ... ....... 1 ........ ------ ....... Saratoga Sulphur Sprinp:, Saratoga, Holt ounty .... 1 
Salt Springs, Lincoln, Lancaster County .•........•. 
KANSAS. 
Permanent springs of any kind are said to be somewhat infrequent 
in Kansas. The mineral waters of the State are derived principally 
from ordinary wells and artesian borings. Salt or brine wells are quite 
common in certain portions of the State and are extensively used for 
the production of salt for local use. Chalybeate springs are found in 
various places, but the mineral waters are mainly saline and sulpho-
saline. They have Leen developed to a certain extent and many of 
them have considerable local reputation for medicinal effects. Prof. E. 
H. S. Bailey, writing of the artesian wells of the State, in the Report 
of the Kansas State.Board of Agriculture for the quarter ending Decem-
ber 31, .1885, says that "shallow wells, especially in the eastern part of 
the State, furnish hard water impregnated with sulphate of lime an<.l 
carbonates of lime and magnesia; and as the well goes into deeper 
strata the chlorides increase and the sulphates decrease." 
Among tbe places of reRort the Great Spirit Spring, Baxter Medical 
Springs, and Geuda Springs are well known. 
The list of springs given here is probably incomplete and will doubt-
less be com~iderably enlarged in the future. 
(299) 
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Mineral springs of Kansas. 
Character of the 
water. 
Remarks-
Name and location. 
Alma Salt Well, Alma, Wabaunsee 
.County. 
Arrington Mineral Springs, Ar-
ringto:Q, Atchison County. 
Ba.xter Medical Springs, Baxter 
Springs, Cherokee County. 
Bonner's Springs, Tiblow, Wyan-
dotte County. . 
Brom -magnesian Mineral Well, 
Independence. Montgomery Co. 
Cranmer Springs, Conway Springs, 
Sumner County. 
0 
..... . ---- ·-·· 48 ·-················ 
3 420 60 Carbonated, sa-
Used commerciallY azid 
line, cbalybeat.e. as a resort. 
2 450 50 
Cbalybeate •.... Do. 
20+ ........... Calcio, 
carbo- Resort. 
nated, 
1 -------· 62 ----·••"·········· 
8 3,000 43ito50 
...................... 
............................................. 
_Flowing spring, ll miles southwest 
of .Junct.inn City, Davis County. 
Fort Scott Artesian Well, Fort 
Scott, Bourbon County. 
Geuda Springs, Geuda Springs, 
Sumner Count)T, 
7 1,500 55to 61 Saline .•..•••••. UsedcommerciallYand as a resort. 
............................ do ......•.••. Local resort. 
416 67i Snlpho-saline ... 
Girard Mineral Well, Girard, 
Crawford Count.y. 
Great Spirit Spring, Cawkf'lr City, 
Mitchell Countv. 
. . . .•...•.•.. ." ...... . do . • • . . . . . . . . Resort. 
Haddon Mineral Well, Moes 
Sprmgs, DaviR County. 
•···· .................. Saline I ••••••••• 
Henek's Mineral Springs, Arring-
ton, Atchison County. (See Ar-
rington Springs.) 
Iola Minernl Well, Iola, Allen 
County. 
120 61 
Saline . . ...•.... Used as a sanitarium 
and resort and com• 
mercially . 
Jordan's Springs, .Jordan Kprings, 24 1,800+ 56to57 
. . . . do ........... Unimproved. 
Re110 County. 
Lee's Springs; 6 miles east of Pea-
bo_d.V, Marion County. 
4 850 
3 
....... ..... . ·················· 
········ ................................... . Lou~sb~rg Gas Wells, Louisburg, 
M1:im1 County. 
Louisville Springs, Louisville, Pot- 64 
Chalybeate . . . . . Resort. 
Saline . . . . . . . . . Used commercially and 
as a resort. tawatomie County. 2 56 Manhattan or Kansas Artesia.n 
Mineral Wells, 10 miles from 
Manhaltan, Riley County. 
Mineral Spring, Atchison, .A.tchi- · .••••. 1 •••••••••••••••••••••••••••••••••• • • 
son County. I Mo~d
1 
yville Mineral Springe, 4 .••••• : . . . . . • . . . . • . . . . . . Alkaline, &o •••. 
m1 es south of .Blaine, Potta.wat- · 
omie County. 
Mound Valley Spring, Mound Val-
ley, Labette County. 
Murphy's Seven Springs, 7 miles 
from .Junction Uitv, DR,viS 
..... ..... ---------· ·················· 
7 • • • • ... - . . . . . .. . . . Alkaline, calcio. 
Couuty. · 
Pfister'R Mineral ::ipring, 6 miles .............. . ......................... • • 
_from .Junction City, Davis Co. 
Piqua Mineral Wells, Piqua, Wood-
son County. 
3 ......... ·········· ................... .. 
Salt springs : In northeast part of Stafford .........................••......•••...•.. 
Count~·. In cc lions 14 and 15, township 10+ 100 . ....••••...•.........••.• • • 
Has local reputation. 
Resort. 
• 8, rnnge 7 west, Mitchell Co . 
.Sulphur springs: 
In Rf'Ction :J5, town hip 7, range 
2 west, Cloud County. 
6 360+ 41 
Caloic • • • • • • . . . . UniJDpro'"ed-
Tacr 1 ~,;~~~~ n~~nt~~e·ni· .t,. Miami. ······ ........................ ······ ······ 
onnt~. 6+ · · · · · · · · · · · · ······ · · ·· ··· ···· · · ······ 
w~;~~J~ttGt'
0
:);.• Wyandotte, 6 ..•......... . . .... 1. •••••••••••.••••. 






A.'nalyses of mineral springs in Kansas. 
Iola Min• Fort Scott 
eral Well. Ai~~i~n 
Manhattan A.rtesian 
Mineral Wells. 








Grains Grains Grains Grains Grains Grains 
pergallon.a pergallon.h pergallon.c pergallon.c pergallon.d pergallon.• 
Calcium carbonate ................... , .. ............. ....... : • . . . . . . . . . . . . . . 8. 89 .. • • • • • • • • • • 
Calcium bicarbonate........ 6Q. 89 14. 23 5. 28 6. 07 ....... • • • • • 13. 128 i,t~~~;s~;:::: :::}~t:: ::::::,:!!:: :::::::::::: :::::)) --- ;:;;- :::::::~:;;~ 
Ironbicarbonate ............ 3.93 1.00 0.19 0.25 ···················a:470 Sodium bicarbonate . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . ............... • - • • • • -· · · · · - - · · · · · · 
Sodium sulphate ...... . . • . . . . . . . . . . . ... . . Trace- .............•.... .. -.. - .... - - • • • • . - .. • . • • • • • • • • 
Calcium sulphate.. ......... .. . . . . . •. . . . O. 83 '33. 37 14. 69 ·3. 86 ........ • - • 
Magnesium sulphate ................. ... ......... _.. 5. 66 6. 58 0. 68 .. ......... • 
Sodium chloride ... .. . . .. . .. 980. 50 79. 47 O. 52 O. 8~ 0. 20 ..•...... · · -
Magnesium chloride .............. : . . . . . 7. 99 . . . . . . • • • . • . . • . . . . . . . . . . . .. • • • • • • • • • • • - • • · · - · · · · 
~~i~~~?:i!h~hl~~d~ ::::::::: ···--i1:0i·· T~~~~ :::: :: ::: : :: : ::::: :::::: ...•.. o: ii .. : :: : : : :::::: 
Lithium chloride . • • . . . . . . . . . . . .. . . . . . . . Trace .........•...•...... ....................... • • • • • 
Sodium biborate . . . . . . . . . . . . . . . . . . . . . . . . 2. 20 .............. - ..... - ... •. - • • - - · 
Silica .. . . .. . . . . . . . . . . . . . . . . o. 60 o. 95 ..... io: io .. -. . . 1. 19 2. 30 0. 980 
8~1!~1~ ::it:~~01~tii~ ~nti ....... :·.~~·- ...... :~:'. .. : :: : : : : :: : : : :::::: ::: : : : · ·· · -- i: 10· · ::::::::: :: : 
loss. 
Suspended matter . . . . . . . . . . 2. 50 ... · ......•••............................... .... • ... • • • • • • • · · 
Iodides..... ... ... .. ... ..... _Traces ............. _ ..................... .. ......... - . -....... • • • • 
Bromides . . . . . . . . . . . . . . . . . . . Traces . . . . . . . • . . .......... -..... - -•. • • 
Sodium hydrosulphide...... . . . . . . . . . . . . · · · o: 19 : : : : : : : : : : : : : : : : : : : : : : : : . : ......... ... - .. - .. -• .. 
Potassium ........ _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace Trace . . . . . . . . . . . . . _ ......... . 
Sulphuric acid ......................... .. ......... _. 61. 36 33. 11 . _ ..................... . 
i~;t\t~::):::::: ::::::i:::: ))::::::----i~- :::::::r: ::::):::: ::::::~~~; 
Total ................. 
1
=1='=10=0=. 2=7=r-==1=09=·=13=t==11=7=. 9=4=![==6=4.=5=5=1 23. 63 22. 813 
: ::: : : :: : : : :\:::::::::::: (h,b· ,~~:I:::::::::::: 
Gases. 
Carbonic acid ..... .. : ....... Out4J~::r· 
Sulphureted hydrogen ................. . 
Trace 
Trace 
a W. K. Kedzie, analyst (1876). 
b E. H. S. Bailey andE. W. Walter, analysts (1884). 
• G. H. Failyer, analyst. 
(301) 
d A. Merrill, analyst (1882). 
• Barnes and Sim, analysts. 
r With calcium chloride. 
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Analyses of mineral springs in Kansas-Continued. 
Sulphur Henek's Mineral Sprin ~gton 
Constituents. Sprmgs, Girard Min• 1------------- ; =era! 
Cloud eral Well. 
County. No. 1. No. 2. 
Grains Grains per (}r(l,ins Grains 
. per gallon. a imp. gallon. & per gallon. c per gallon. c 
Sodmm carbonate............. . . . . . . . . . . . . . . 10. 528 ll. 456 3. 551 am 
Calcium carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. 763 6. 612 
Calcium bicarbonate . . . . . . . . . . 16. 038 30. 033 Mag . b te ........ 5.928. ······· ·a."257 . 1~ 
m~I~f ~_it\iif fi !ff ff it/ii :i;ii:i1z: _-_-_-_-_-_-_-_Jl :::::;:Jt
1
-/: ~ ::;~ 
1 
Calcium sttfphate. .. . . • . . . . . . . . 9. 683 .. . . . . . . . . . . . 1. 218 . . . • • . . . . . . . . . 0.!08 
Magnesium sulphate . . . . . . . . . . I. 920 . . . . • : • . . . . . . 1. 867 ............ - • l2.7S! 
Potassium sulphate........... .... .. . ....... · 1. 031 ...... · .................. - .. - • - - - - - .... .. .. 
Sodium chloride.......... ..... ....... .... . . . 95. 706 3. 628 2.161 · 2,ij 
flit~~ ii/11!/i!/; :::;;;:1; iiiiiii-f '~i :::·::_~Jf .. ""i:!i_? ~: :! 
1------!------1------1------,------
Total.................... 46. 054 163. 718 43. 388 19. 053 8:2t!1 
Ga,. l====l=====l=====l=====t===== 
Oubic inches. Oubic inches. (Jubic -ine.nJJ, 
Carbonio acid • . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 42. oo 39. 30 94.00 
Brom- Bonner's Springs. 
s::~r~- I 
------------leralWell.~~~ No.4. No.5. No. 6. 
Constituents. 
Gra. per Gn per Gra. per Gra. per I Grs. per 01'a. per Grs. per 
S d
. gallon.d gallon.• gallon.• gallon.• gallon.• gallon.• gal-lon. e 
c~~f~0::~b::!it;::::::::::: :::::::::: ---ii:24a· ···13.-424· 6~:t: ---ii..fi14· ···ia:ao2/· ·····i:oos 
M
Calcium bicarbonate . . . . . . . . . SO. 587 . . ........................... . ........... -• • · · · · -- · · · · · · · - - · 
agnesium carbonate........ .. . . . . . . . . 5. 472 Trace 7. 482 1. 961 2. 835 5. 846 
fon c~rbonate . . . . . . . . . . . . . . . . . . . . . . . . . 1. 871 O. 141 . . . . . . . . . . 6. 594 4. 947 5• 771. 
0
r1n_b1carbonate... ... .. .. . . . 1. 682 ........... .................. .... ...... . 
1 
................ . 004 Pa cm~ sulphate . . . . . . . . . . . . 9. 047 2. 608 . . . . . . . . . . Trace . . . . . . . . . . O. 344 O. 
8 
ojfss1hl su~ghate . . . . . . . . . . 18. 771 .... ..... ... .... _ ...................... .. .... ........... .. - -M. um c on e -.. .. . ...... . 3, 466. 921 . . . . . . . . . . . . . . . . . . . . 12. 768 ...... .. .. -- . --• • -· · · · · · · · · · · · 
cai~~i~hlir¾~r~~~-::::::::: !ti·m ··· ·0·150· ····i ·i>4o ·· ··· · ·······Tm· ···:rra00 ----~ 
§i! i~~:t:::::;:;;;: .. 'f: :\;,~r ~~ :\µ. >;i/f#(:fE 
Organi~amatt.e~::::::::::::::: i~~: s~;i~1~;•ts~;1 ·~~•1;ls~iiii~•t ··Trace·:::::.::: {~m'l 
------------------'----
Total. .. .. .. ........... 4,808.826 j 21. 944 14. 985 ) 93. 759 20. 229 21. 01 ----= 
Gaa. 1= =----1~ 
Carboni Oub. in. Oub. in. / Oub. in. Oubic in. ~ in. 
o aoid . . . • . . . • • . . • . • . . . . . . . . . . . . 25. 660 16. 100 21. 716 19. OS2 
1 
20. 009 
• G. H. Failyer, analyst. •Juan H. Wright, analyst (1882). 
• 0. G. Gilbert, analyst. • E. H. S. Bailey, analyst. 
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------------1---------- ---- ------· 
Grs. per Grs. per Grs. per Ors.per Ors.per Grs. per 
gallon. a gallon. b gallon. b gallon. 0 gallon. d gallon.• 
Sodium carbonate....................... . . . . . . . • .. 3. 29 .......••.... .... - . . . - - • . - - - . - ---- • - -- - • 
Sodium bicarbonate . . . .. • • .. . • .. . . . .. • . 26. 924 . . • . . • . . . . . . .. . . . . . . 2. 149 ....... -... -. - -- . -- . 
Calcium carbonate...................... . . . .. . . . . . 17. 26 1. 68 . . .. .. . . . 13. 659 -... -•. • - . 
~?lf E:Sf +I+} ?H/ :::};: :::mt ::;5 :?rn:: ::::Hffi 
Sodium sulphate............ ............ 183. 600 . •• • . . . • • . 92. 40 ........... - - • ... - ...•. - - . - - .. 
Magnesium sulphate. . . .. . . • . . .. . . • • . . . . 85. 281 . . • . . . . . . . 58. 24 6. 000 ....... - . . . ........ . 
Calcium sulphate....................... . . . . . . . . • . . • . • . . . . . . 44. 80 . • . . . . . • . . 0. 525 ......... . 
Sodium chloride . . . . .. . .. . . . . . . . . . ••• • • • 765. 767 . . . .. . . . . . 119. 28 670. 805 1, 502. 320 ......... . 
Calcium chloride . . . . .. . . . . . . . . . . . . . . • . . .. . .. • . • • • Trace . . . . . . . . . . . . . . .. . . . . 56. 103 ......... . 
Pofassium chloride ........................... : . . . . • • • . • . . . . . . . . . . . . . . 18. 912 - • - • - - - • - - -- - • • - • - - • 
Calcium oxide . . . . . . . . . . . . . . . • . . . • . . . . . . . . . • • • . . • • . . . • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 8. 6739 
~df~:t;~r:;fJ!~:: :::::: :::::::::::: ::: · · · · o:2a4· :::::::::: :::::: :: :: : ::: :::: :: : : : · :::::: .. --~:~~~~ 
Hydrogen sulphide (combined) ................................... •.... . . . . . . . . . . . . . . . ... . . 0. 4967 
fri~[gf;!!i!~t~~-(~-~~~~: :::::: :::::::: :::: :::::: ···· ·o: os· · · · · ·a:12· ::::::~: :: :::: :::: :: .... ~: ~~~~ 
~uf!~0~it~-~~~~~~~~~!. :: :::::: :::::: ···T;~ce· : ::: : ::::: : ::::::::: :::::::::: : ::::::::: --- -~: ~~~~ 
!!!::::;t~:::::::::::::::::::::::::::: ~ ~;;;. _}_:::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ... ;;~~~ 
Ph!fsth~~:~~ti:::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: 3~;!!! 
~aifil1u8:~::::::::::::::::::::::::::::: :i: ~i~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : · · · · · · · · · · Alumina.......................... . .. . . . . . . . . . . . . . 0. 21 1. 12 . . • . . . . . . . . . . . . . . . . . 1. 4083 
Sodium . . . .. . . . . . . . . . . . . . . . . • • . • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . • . . . • • • • • . • • . . . . . . . . . . . 3. 1017 
Silica . . . . . . . . . . . . . . • .. . . • . . . .. . • . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . Trace 0. 566 0. 8774 
Iodine . . . . . . . . . . . . . . . . . . . . . • • . . . . . . • • • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . • • . . • . . . . . . . . . . . Trace 
Lithia... ............................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • . . . . . . . . . . . Trace 
Chlorine................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...• .• . • . . . . • . . .. . . . O. 8047 
Organic matter . • • • • . . • • . . . • . . • . • . . . . . . . . • • • . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 13. ~50 
~otal . . . . . . . . . . • . . . • . . . . . . . . .. . . . 1, 120. 765 28. 84 324. 24 772. 088 l, 674. 484 79. 5037 
Ga,. Oubic in. 
Carbonic acid........................... 91. 00 Abnnd't .•••••.....••....... 
a G. E. Patrick, analyst (1880). • E. H. S. Bailey, analyst. e G. H. Failyer, analyst. 
" Barnes and Sim, a.nalysts (1883). d E. C. Franklin, analyst (1885). 
WESTERN ST A TES AND TERRITORIES. 
The first thing to attract attention, in a general survey of the mineral 
springs of the West, is the far greater prevalence of thermal springs 
in them when compared with other sections. The Western States, as 
already defined, contain only a little over 39 per cent. of tbe total area 
of the country, and yet within their limits are found more than 80 per 
cent. of its known thermal springs. This proportion is likely to be 
increased, as the yYestern States present the best field for future dis-
coveries. When we consider the individual springs, even manifestly 
imperfect as are our lists in respect to the total number, the contrast 
appears even greater. Not only is the number of hot and warm springs • 
greatly in excess of that in other portions of the country, but the ther-
mal phenomena are overwhelmingly greater in intensity. In no other 
section are there any manifestations equal to those exhibited by the 
gey ers of the Yellowstone National Park. 
(3<X{) 
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)fr. G. K. Gilb.ert1 has called attention to the fact tllat the geological 
relations appear to accord with this hydro-thermal contrast betwce11 the 
Western States and the other divisions of the cottntry. He refers the 
greater heat in the former to local uprisings of the geiso-thermal pla1ws, 
together wHll progressive corrugation, the intensity of the phenomena 
being heightened. by the intrusion and extrusion of lavas. 
The connection of hot au<l warm springs with volcanic rocks, with 
uplifted mountain chaius, and with dislocations or fractures of strata 
has long been recognized. Cur Western States present all these <;on 
clitions. Here are the most eleYated portions- of our country and with 
the upward movement still in progress.- A single glance at the general 
geologic map of the United States suffices-to show that in this portion 
of our domain evidences exist of most · intense volcanic activity, both 
past and present. 
The Western States have been subdivided into four divisions, viz, 
the Ro~ky Momitain region, the .Plateau region, the Great Basin, and 
the Pacific Coast. In the Rocky Mountain States, mountain corruga-
tion is probably the primary cause ·of the bot springs found, although 
igneous areas are not wanting, as notably in the case of the Yellowstone 
National Park, in Wyoming. In the Pacific Coast region the uplifts of 
the Sierras an<l. Coast Ranges are accompanied by igneous rocks, and 
as we proceed northward, volcanic outbursts form a striking feature. 
Almost all the springs on our Alaska list are warm or hot and in Alaska 
we find the volcanic forces still active. · · 
In the Great Basin, mountain corrugation is subordinate to the fault-
ing of the strata as a cause of bot and warm springs. Mr. I. 0. H,ussell 
describes this region as follows: 2 
H The whole immense region lying between the Sierra 1" evada and 
Rocky Mountain systems has been broken by a multitude of fractures, 
having an approximately north and south trend, that divide the region 
into long, narrow, orographic blocks." 
With these profound faults bot springs are associated, and a map of 
the hot prings of the Great Basin would be, to a great extent, also a 
map of the lines of displacement. With these <l.isplacements also are . 
a sociated volcanic rocks. In the plateau region again we find a simi-
lar a sociatfon of faulted strata and the former outpouring of igneous 
rock'. 
Although thermal prings are so cbaracteri tic of the Western States 
other c]a e are not wanting. Alkaline, saline, chalybeate, and calcic 
,piing ar numerou ; many of them are carbon at d and till more are 
.-ulph11r ted. Siliciou pring , not prominent in other ection~, are 
• f uud abuudantl in the area' of hot priug . 
I ' . 
eograpbical urv ys We t of tb 100th :Meridian, Vol 
l•ourth ~\uoual Report of th United tate Geolocric~l ..,ur"fey 1 -' 3, p. 443. 
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Tbe Western States having been more recently settled, we find that 
fewer springs have been improved and developed than in the east. 
Still the number of resorts is fairly large, and more waters are used com-
mercially than would be expected in view of the newness of the country. 
The number of analyses that have been made is, however, still com-
paratively small. 
Summary for the Western States and Ten·itories. 
Numbet·of INumbe<of Number Total num-Nmnberof Num~or of 8 p rings of springs 
States. epringlo• individual sprrngs utilized used com• ber or 
calities: springs. analyzed. as resorts. mercially. analyses. 
Montana ..... ..•..........•. 42 200 8 8 0 8 
Idaho ...........•.....••.••. 32 114 2 4 0 2 
Wyoming ..........•........ 41 2,246 7 3 0 7 
Utah ..... ...........•....•. 48 144 6 5 0 !) 
Colorado .................•.. 70 359 37 16 1 38 
New Mexico .......•••••.••. 36 126 12 5 2 12 
.Arizona ........•........... 26 30 3 1 0 3 
Nevada ..............•..•... 120 179 4 10 0 6 
California .......•........... 220 435 44 42 11 44 
Oregon .... ............•.... 47 72 8 16 3 8 
W aahington .. : .•.....•..••. 15 19 1 2 1 1 
Alaska .........•..•.••..•.. 25 25 0 0 0 0 
Total ·················I 7221 3,9491 132 112 18 I 138 
MONT.A.NA., 
The Territory of Montana possesses many important and interesting 
mineral springs, although little has ever been published in relation to 
them, especially in general works on the subject. This is due partly to 
two causes : Montana was until recently so isolated that com para ti rnly 
little was known of the Territory. Again, the proximity of the Yellow-
stone National Park and the fact that the readiest access to it is through 
Montana have attracted more attention to the wonderful phenomena 
of the geyser regions, and they have overshadowed the lesser springs. 
The majority of the springs are thermal, and they are found mainly in 
the western and more mountainous portions of the Territory. They 
are sulphureted, carbonated: alkaline, saline, chalybeate, and calcic. 
Among the carbonated springs is one closely resembling the celebrated 
Apollinaris spring of Prussia. Very few analyses have been made, 
arnl tlrn character of more than half the springs is unknown. A num-
ber of localities have been improved and several are well known for 
the curative effects of their waters. Among the latter are the White 
Sulphur Springs, Hunter's Hot Springs, Matthews Warm Springs, and 
the Helena Hot Springs. The Territorial Asylum for the Insane is 
located at Warm Springs, in Deer Lodge County. The present table is 
derived from the personal knowledge of the writer, with data from 
various persons well known in Montan.a. Thanks are especially due to 
Mr. Peter Koch, of Bozeman, and Mr. Walter Matheson, of Billings, for 
information furnished. 
Bull. 32-12 (305) 
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Alhambra Springs, Clancy, .Jefferson ............. . Hot ............ --·-·· Resort. 
County. 
A.ll~n's Mineral Springs, Pine Creek, ~ 16 
Bitter Root Valley, Missoula Co. 5 
.Alnm Spring, Upper Emigrant Gulch, 
_ Gallatin County. ·nc~ford Warm Springs, Bedford, J ef- ---· ------ ---· ----·- ---· ................ . 
ferson County. Big Hole Hot.Spring, Big Hole Prairie, 100 . . . . . . . . . . 132 Calcareous.•• ••· 





..... .. ......... .. . .. 






Boulder Hot Spring, 2 miles from 
Boulder Valley, .Jefferson County . .Bridger Caiion 'l'epicl Spring, near 1 . . . . .. . . . . 80 . ....... _ ..... .. .. Unimpro,ed. 
Bozeman, Gallatin County. 
Cbalybeate Sprin.~, in Upper Emi- . ... ....... . ... -- - - - .. . . . •. - - -
grant Gulch, Gauatiu County. 
Clark '~ Warm Springfl, near Pony, ~ 
8 
) 5o i 5 Unimpro~ed but used 
:Madison County. ) 2, ooo+ ~ 
1
ti0~ · · · - · · · · · · · · · · · · · · l locally. 
Emigrant Gulch W:1,rm Spring, on Em- 14, 400 10i Alkaline, calcic. Used locally. 
igmnt Creek, Yellowstone Vallev, 
.., Gallat~n County. · 
trrasson s Hot Springs, heacl of Deer 
Lodge Valley, Deer Lodge Countv. Ilapgo_od Hot Springs, near Red Blttff, 5 ...... . ..... __ .. . . . . . . . . . . . . . . . . . Unimproved. 
M.alhson County. 






i .Alk:1,line, saline . Improved. 
Lewis and Clarke County. 5 ~ 5 
Hot springs: 
On.NorthForkofSunRivcr Lewis 
and Clarke countv. ' 
Sulpbnrete<l, 
chalyboa.te. 
Eighteen mile;, eastof White Sul-
phur Springs, Meagher County. 
On Hellgate River, n ear Bea1:'s . ... ... .. - . . .... - . - . . ... • • • · · · · · · · · · · · 
:Mouth, Deer Lodge County. 
Southwest of Flathead Lake and .. .. . .... - . . . . -. - .. • - - • • · · · · · · · · · · · · · 
Plains, Missoula County. 
Unimpro,cd. 
14 miles northeast of Horse I 
O~~:j:~~:~?eu-LouFork, .............. -----· •·· ··- - · ·········· 
Hunter's Ilot Sprino-s Ycllowstono l I . 5122i 1 1- Improved as a resert 
:V~lley, Gallatin Co'ri~ty. 5 1:.:: 100,000 htz15 .A. ka mo .•••... . 
L1vmgston Warm Springs, noar Liv- 12 2+, 000 10! Calc1c, sulpbu- Unimproved. 
ingston, Gallatin County. reted. 
Lou-Lon Fork Ilot Springs, on Lou- { l981{ f Chalybeate, sul-
Lou Fork, Missoula County. 5 3:;, OOO to 5 ) phuretod . 
.Matthew11 Witrm Snrings, 7 miles l ii~{ 1- Improved. 
west of llozeman, Gallatin County. 5 2 . . . . . . . . . 1tr25 .A.lkaliuo, sa 100 
.Mrllicino Creek ]Jot Sprin"'s on . ................. _. . . . . . . . . . . . . . . . . . . Uscd localty. 
W_ceping Child Fork of Bitter Root 
~t:1asoula. County. ' 
"Miles City .Arte11ian ,vcn, Milos City .... . ............ . .. Alko.line .. ..... . 
C1111t •r C unty. ' Mi!!. Creek .A.poUinnri" Sprinir, Mill .... . ..... .... 40 Carbonated ..... Uniropro,ed. 
8~ul;~~,::ollowstono Yalloy, Gallatin 
JI i11crci(,pri1101: 
On., mil north f rnllor Sprin"B, ...... . ......... .•. . .•... ···· ·· ······ 
JUD,lli on Connt,r "' 
\VI' .t Fork of B1tt r R ot Rivor, .......... .... ...... Carbonated ... . 
• _hl1,::~oul,L County. 
nv 11 " ar~i • pi-in){, on Crow (;reek, ..•...•...•.. • .••••...••••.••..••..•. • 
, .J •lr,,r. 011 C,01111t,· . 
1 '1'1' tone • prin~-1, 110,Lr I'ip eton , ....... . .... .. ..........•............. 
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Puller's Springs, Puller ~rings, 
!2 ft~~ Reaort. on Upper Ruby Creek, adison ···-····· · ... ..................... County. 110 
Unimpro, '1. Rosa's Holo IIot Springe, near head of .... ---------- ........ ....................... . Bitter Root River, Missoula County. 
Ryan's Hot Springs, Ryan's Canon, .... 1,400 120 ......... ...... ... ........ near Dillon, lleaYer Ilead County. 
Sulphur springs: 
Do. 
On Deep Cre~k, between Townsend .... ---------· Cold • .............................. and WhiteSulphurSprings,Mea-
gber County. 
On Rock Creek, northwest of Camp ... . ···· ·----- ......... ......... .... ........... . Baker, Meagher County. 
Near Great Falls of Missouri ..... .............. .......... ............................... Choteau County. ' 
Thermal sprin~s: 
Unimporfant. 
On Warm Springs Creek, near Moc- ... . ---····-- . ......... ........................ casin Mounta~, Meagher Co. 
' .At bead of Big pring Creek, Mea- ... ............... . ......... .. ··---·. ·- ... -. ·- -. -gher County. 
Warm Springs, Warm Sprin~e, Deer ... . ··-··---- - ----· ............................. Lodge V_alley, Deer Louge County. 
Warm springs: 
On _Warm Springs Creek, near Gar- ............. .... . ----- .. -----·-·- -·-···--· r1son, Deer Louge County. 
Wasswieler's Warm Springs, near ..... ............. . ...... .. ----- . --. ·-··. --. lfrlcma, on Ten-Mile Creek Lewis 
nod Clarke County. ' 
W em or's Warm Springs, on branch of ..... ........... .. ........ ............................ ,C~ow Creek, Jefferson County. 
Alkaline and sa- Resort. 
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Emigrant. l I Mill Crek 
Gulch Ilelena Ilot Apo.II.in.iris 
"\Varm Springs. S prin,c. 
Springs. 
Gram per Gram per Gram per 
liter. a liter.• liter. a 
Sodium carbonate............................ O. 0461 0. 0274 0. 1730 
Calcium carbonate........................... o. ]880 O. 0865 O. 0268 








• - · · 
Sodium sulphate ........... .'............................... O. 0487 
Calcium ·sulphate............................ O. 3150 . .. . .. . . . . . . . . .......•. . . - • 
Sodium chloride............................ . o. 0143 O. 0058 0. 0596 
Potassium chloride...... . . . . . . . . . • . . . . .. . . . o. 0078 0. 0083 ...•..... ... - -
Silica ................................. ~. ..... o. 0290 O. 0317 O. 0938 
Potassium . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace 
Lithia . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Traco 
Iodine . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ~ . . . . . . . .. • • • • • - · · - - · 
tis~ ~~-~~.1~~~~~~~.~~~~~::::::: :: : : : :::::::: ...... 0:0040 .. ::::::::: :: : :: :::~:::::::::: I 
Total ...............••...•............. 
Constituents. 
•F. W. Clarke, l\nalyst (1881). 





0. 2353 o. 6274 I 
Miles .City White Sul-
.Artesian phur Springs, 
Woll. Spring No. 2. 
•J'. M. Wing & Co., analysts (le&t). 
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IDAHO. 
The chemical composition of the mineral springs of Idaho is so little 
knowu tliat tliey cannot be definitely clas·sified beyond stating thl;lit 
thermal springs pre<lomiuate. That warm and hot springs abound 
might naturally be expected, when tlie geological structure of the Ter-
ritory is recalled. Granitic au<l volcanic rocks prevail, and, in connec-
tion with tbe mountain corrugation, present most favorable conditions 
for the developmcut of hot ancl warm springs. 1\fr. G. F. Becker, iu 
tbe Statistics and Technology of the Precious Metals ( p. 53 ), 1885, 
speaking of Idallo, says that hot springs are thickly distributed 
tl..lrougli tlie grauitic areas, and iu many cases issue directly through 
the granite, although usually witllin a mile or two of the known vol-
canic rocks, and that many of th_em areldgh1y charged with alkalies and 
bydrogcn sulphiue. The fo,t presented here has been made up largely 
from various maps. Mr .... \..lbert Williams has also kindly given consid-
erable information. A.lthougu fow of the spl'ings have been improved, a 
great many are use<l extensively for bathing, especially in the mining re-
gions. Tlle most widely known resort is at Soda Springs, near the bend 
of Bear Rfrcr. None of the waters is at present used commercially . 
.Jlincral springs of Idaho. 
Name and location. 





Clrnracter of the 
water. 
1 .... . ... Colcl. ........•....... .. 
Ilernarks. 
Used for bathing resort. 
Chal_v beato Spring, nQar Sprin"' Creek, 
!)f' Henry's For~, Oneida Co~nty. 
G1ven's liot Springs, Snake River, 
near R eynoltls, Owyboo County. 
Hot Creek, Iflaho County, 20 miles 
northwest of Bonanza. 
2 '.l, 000 !)8 ------ ------ •••••• Unimproved, but usecl to 
small extent locally for 
bathing. 
Ilot Creek, sou th of Snake ]liver 4 
or 5 miles below Ame1-ican Falis, 
Oneida County. 
Rot lakes. 20 miles south of Wash-
ington, Ill a l10 County. 
Hut springs : 
Fi,o miles east of Doi>;6 City, i 16 lG, 400 \) ~g ( ciait~!~t~ui1: {Improvetlauunseuasa 
A da County. 5 ( 212 5 phnreted, &c. 5 resort. 
North of F ishing F alls, Alturas . . . . . . . . . . . . 164 Chalybeate . . . . . Unimpro\'etl. 
<.::onnty, aboutG0milm1 southoast 
of Iloise City , 25 milosuo1'1,h of 
Snake River. 
Fift~en miles west of Ketchum, . . .. ..... . ......................... . 
Alturas County. 
Near Duck River, about 15 miles .. . .. ...... . ...... ______ ........... . 
south of .Hail ey, .A lturai!Counly. 
Three miles southwest of Iual.Jo G 5,000 115 Sulphmeted . . . . Used locally. 
City, Boise Gouuty. 
On Sa.lmon River, 15 mifoa south . .. . ............................... . 
of Bonanza, C.:u stcr Connty. 
East side of B ar River, at 'i;nulh . . . . . . . . . . . . 125 ........ . ......... Unimproved. 
CD<l of Gentil e Vallpy, O1H·ida C.o. 
On South F or k of 8nako Rh·o1·, 8 l { 88} 
miles below Salt niv(•r, On e:icb. G . . . . . . . . to I Sa.lino and sul-
Coanty. , 144 })lrnrotcd. 
Do. 
(300) 
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Mineral eprings of Idaho-Continued. 
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~ ~ I-< Character of tlJO Remark& ,... d ~ ~ 
Hot springs-Continued. 
On South Fork of Snake River, be-
low the lower canon, Oneida Co. 
Lincoln Valle.v ,varm Springs, 3 miles 
southeast of Fort Hall, Oneida Co. 
Mineral springs: 
0 cl)o ~ wator. I-< ~s ..::l I-< <I) <I) 
.0 
~ 
A s 8 
~ ~ Cl) :z; E-i 
0 
1 ....... .. . .... .. ........ .. ................ .. 
J 5 , .....•. { m Calcareous ..... . 
On Rapid River, Idaho County, 40 ......•....................... --- - - -
miles northwest of Bon:mza . 
.At ,vaha, Nez Perces County ..... 10 ............................... . 





Soda Spriugs, .at bend of Bear River,· 
Oneida County. 
Twin or Soda Springs, east side of 
PortneufValley, Oneida County. 
{ 
52! Carbonated, cal- Improved as resort. 
}40 . . . . . . . . to careous, and 
. .............. ~~- . --~~~~:~~~~~--... Unimproved. 
Warm Creek, south of Salmon River, ..................................•. 
20 miles south of Bonanza, Custer Co. 
Warm spring creeks: 
SouthwestofKetchum, .Alturas Co ...................••......... .. ..•. 
Fifteen miles northeast of Banner, ..................................• -
Boise County. 
Six miles east of Challis, Custer Co. . . . . . . . • • . . . . ...... •........•....• -• 
Warm springs: 
Near Munday's Ferry, on Snake ... .... .... ...•. .•........ .. ......•• 
River, .Ada County. 
Southeast of Lemhi .A.goncy, ...... ....................•...•...•. 
Lemhi County. 
Two miles north of Samaria, 1 
Oneida County. 
85 ··············•··· 
Seven miles south or southeast of 
Samaria, Oneida County. 
West sicle of Bear River, south 5 . ... ..... ..... Calcareous and 
end of Gentile Valley, Oneill a Co. chaly beate. 
On Lander road, northeast end of . . . . . . . . . . . . . . . . . . . .............••. -
Upper Portneaf Valley, Oneida. 
County. 
Warm Sulphur Springs, near Lincoln . . . . . . . . . . . . . . . . . . Snlphureted .... 
Lake, 13 miles south of ·washington, 
Iuaho County. I 
A.naly9cs of rnincral springs in Idaho. 
Tl.tese analyses are taken fr9m Fr6mont's Report on an Exploration of tlie Country 
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WYOMING. 
The Yellowstone National Park, with its wonderful gc;yscrs and large 
uullllJer of I.wt springs, lies almost entirely within the borders of Wyo -
ming Territory, In the table the Park is divi<.led into thirteen sub locali-
ties, containing altogether more than two tl10usand springs. Besides 
these, our list inclu<les tweuty-eight locali ties outside of the Park. It is 
probably not complete, for tllere are large portions of the Territory still 
lmtlittle known. This is especially true of the region of tllA Big Horn 
~fountains. The table has been compiled from various Government 
maps and reports. Several places are utilized as resorts, and the water 
from a spring at Soda Butte in the National Park is sometimes offered 
for sale in Montana. 
Mineral springs of Wyoming. 
Namo and location. 
.Alkali lakes, on branches of Lost 
C_reok, south of Sweetwater Mount-
, arns, Sweetwater County. 
Cal~areous Springs, Green River, 10 
m,los south of tho Upper Bentl 
Uiuta County. ' 
Chalybeate springs: 
Three miles 'northwest of Point 
, of Rocks, Sweetwater County. 
11 oar M~eteotse, south of Grey 
Bull River, l 1'remont County. 
liot .~prings: 
On Bea\'er Creek, northwest of 
ltongis, Fremont County . 
.At Hot Spring gate on 'North 
Pl3:tte Ri,er, Carbon County. 
On Big Ilorn River, Sweetwater 1 
or Johnson County. 
Tw? miles from Camp Brown, 
l 1 l'emo11t County. 
On Snake River, 4 or 5 miles be-
low Hoback's R iver, Uinta (1) 
County. 
llot sulphur springs: 
On _Stinking Water River, 20 
n)iles east of lloart Mount-
ams, Swe~twater County. 
On west SHlo of Salt River 5 
miles northeast of Oneida Salt 
·works, Uh1ta (1) County. 
Lo . Roy ~prin,gs, near L e Roy Sta-
t100, Umta _Couoty. 
Samto;:rn Sprmgs, Sarato"'a Carbon 
County. "' ' 
So(!'.1' La~es, alonJ:! Sweetwater 
h1ver, CarLou anu Sweetwater (1) 
Conn ties. 
Sulphur springs : 
On Sulphur Creek, near Hilliard 
Uinta County. ' 
On Ho back's River, 5 mile~ above 
moatl.t , Uinta 11) County. 
Nearjunction ofNorth an'd SoutJJ 
:Forks of Stinking Water River 
Sweetwater (1) County. ' 
Foor or 5 roiJes cast of North and 
SouthForkf!ofStinkingWater 
River, Sweetwater County. 
Six mHes west of Camp Brown, 
Fremont County. 
0 
Character of the 
water. 
. - .. --.. .. .. ---- ... -... -. --- ... -. -.... -.... .. , --.. .. 
50 
!)6 
·----- ................. ........ .... ......................... . 
. .. .. .... ------ .......................................... . 
110. 3 - _ - .. --- • ·- · -- -·- · 
117 Ca.Icic ---·-·-··-
------ . .. ..... .. -------- -· ... .. .... ......... ............. .. 
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Mineral springs of 1Yyomi11g-Con tiuuccl. 
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~ 0 cl' == ~ ~ ~liaracter of the 
Name and location. .... ,,: ::: B 0 b.Lo d water. 
f;:; .s""' f;:; 
,D 
~ 
A s a ::: 0 
~ ~ ~ 
--------
Sulphm· sprin,qs-Continned. I O • 
East of Point of Roclrn, S11·eet- . . . . . . . . . . . . . . . . . . . ..... -..... • • • - • · 
water County. 
East of Rock Spriugs, Sweet- . . . . . . . ... . - ........ - .......... - . • - • - • • 
water County. / 
N cat· Rawlins, Caruou Connt y ... / . .... - ..... - -• • • • • · • • • -· · · · · · · · · · · · · · · · · 
At S11!phnr, south of Separation, 7 .......• , ...•..............•..••.•. 
near Dridger Pass, Cal'bon Co. 
Sulphur and clrnlylJeato spriugs, 
valley of Mr-diciue Dow River, 
Carl.Jon Couuty. 
W a-nn springs: 
Nonhwost of I?ort Laraude, 
Laramie CouJ1tv. 
Fifteen miles nor·i lt of fndrpcnd. 
1
. 
enre Rock, ou Horse Creek, 
Ca.rl>nn Couutv. 
Wind River, i.ielowWarm Spriug . .. .. ...... . 
Creek, FrernoJJt (1) County. 
1\·1outh of ,Ta.l1e's Creek Cafion, .......•.••. 






l"ellow8tone National Park springs: 
Mammoth Hot; Sprin.~s.......... 78 . .. . . . 63 to 165 Saline, calcic . .. . 
Sulphurotod, 
acid, and sili• 
cious. 
Impro~c<l for a 1·esort. 
Y-ollowstono B.ivor Springs...... 47 ...... 127 to 196 
ITavdou's Valley Springs .... .... 128 
Yellowstone Lake S1n-ings....... 112 
~~licau Creek Spr:iug~ . .. . .... :.. 11 
G1ubun River Sprrng!l .. ... ...... 121 
Lower Geyser Basin.. . ..... ..... ()03 
Upper GeyllOr J3~sin . ... . . .. .... . 
Third Ge_yser Ilasin ...... . .. . 
Shoshono Goystir Bnsin .... ..... . 
Heart Lake Ge,Yflt\r· antl Basiu .. . 
Lowi!l Lake aD<l Snake River . .. . 






------ - ----- ----
...... 100to107 ... . do .......... . 
...... 100to102 Silicious anJ 
sulplmreted. 
1()0 Sulphuroted, &c. 
. . . . . . 00 to 107 Silicious, &c ... . 
····;; 180to201 .... do .......... . 
. ..... 190to200 .... do ....... . .• 
. ..... l85tol92 .. . . do .......... . 
. ..... I02to20l¼ .... do .......... . 
. ..... 175tol98 1-···do .......... . 
. ..... l12to174 .... do .......... . 
. . . . • . . . . . . . . . . . SnJphuretod .. . . 
Analyses of minN·al springs in TVyomi11g. 







Giuboo Geyser Il.'l in. 
• lT ory L ·trronnn, noaly t (I '-) , 
( 12) 
J 
PE,U,E.j UTAH. 185 
U'l'AII. 
Tlrn earlier explorers and travelers wlio crossed Utah on their way 
to the Pacific noted the presence of mineral waters and thermal springs, 
especially in the region of Great Salt Lake. These springs, some of 
them strongly saline, in many places furnish all the water to be obtained~ 
cxce1it by long journeys. The thermal springs occur mainly in con-
nection with faulted strata, and they also arc generally saline and fre-
quently sulplrnrete<l. Comparatively few arc used as resorts, even 
locally, and none of tho waters is known to be at preseut of commer-
cial importance. Tlie springs at -Salt Lake City are probably the best 
known an<l most use<l for medicinal purposes. Tlrn "Utah Hot Springs," 
ten miles north of Ogden, formerly called '' Red Springs" and "Bear 
River Springs," are use<l for bathing to a considerable extent. There is 
a hotel at the spriugs, and the v1ace is utilized largely by residents of 
Ogden. "Beck's Hot Springs" are probably the springs 2 or 2½ miles 
north of Salt Lake City and tllc same as the springs analyzed hy Jack-
son in 1850 and Gale in 1851. For a considerable 11nm her of localitie8 
and corrections of temperatures I am indebted to l\fr. G. K. Gilbert. 
Mineral springs of Utah . 
Namo and location. 
,;, .. ;; Q) 
bO p., ,.Q 
·E 
ell 
"' F9 A 
~ 0 af =~ >-< Character of the .... Ol::l El 0 010 water. .. 
-~..i:1 ~ Cl) <l) ..c 
~ 
p., s s ::l 0 Cl) 
~ ~ H 
Remarks. 
----------,----- ----- -----1-------1------
neck's Ilot Springs, near Salt LaJrn 
Vit.\'", Salt Lake County. 
Blue Spri11gs, 18milessm.ithoast of Snow-
ville, Ilox Elcle1· County. 
Carbonated Spring, 2 miles southwest of 
Draper, Salt Lake County. 
FiRb Springs, north end or' .Fish Spring 
1[01rntains, soutl1west of Granite 
Mountains, .Juali County. 
Geyser (1) 2ii miles south of Pan gui tch. 
Garfieltl County. · 
II.ot springs : 
ln .Jwab County, 30 miles north of 
Deseret, Millard C11unty. 
Three ruiles tvest of Salt Marsl1, 
Snake Valley, Millard County. 
Two ancl one-half miles north of 
Honeyville, Box Elder County. 
Two and one-lial f miles north of city 
limits of Salt L:Lke City, Salt Lake 
County. 
Six or sev1·n miles north of Utah 
Lako, in Utah Connty. 
20+ ... .... . 
Sixteen miles wcsli of Minersville, 
Beavn County. 
In Spanish Fork Carron, ·wasn tell Co .. . ...... .. . . . 
Ilot, Snlphm Sprin).!s, south end of Ureat !J 
Sal t Lnkc Desert, near J<'ii;!J Spri11gR, 
.Jaial> County. 
Iron Sprintrs, ~ or 9 miles nort1rwcst of 
Cedar City, Iron County. 
JoneH'R Warm ~1,riup:, ½ mil e northwest 
of Salt Lake City, Salt Lake Co n11 t.y. I 
12+ 500+ 
(313) 
. - . . . . . . . . . . . . . . . Ila thing resort. 
86 .Alkaline ... .... . Unimproved. 
Warm Caleic, carbon-
ated. 
78 .. ........... ... . . 
178 Saline, cl,a1yli-
eate. 
132 Saline .. .. . ... · .. . 
Do 
Do. 
126 .. . do ....... . . . Do. 
128 . . . . . .. . . . . . . . . . . . rroh~bly · same :\ II 
sprm~ uear Drn, 
per. 
185 .. .... ····· · ..... . 
.145 ..•••..••••..••••• 




03 Saline ....... .. . . 
Do. 
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Mineral springs of Utah-Continued. 







·i: ,,, ~ 
ii' A t .s . Character of the 
Name and location. ~ ~~ ~ b.00 water. ,.., .s,.c:l ~ <l) <l) 
,0 p.. s I!== a p .s <l) z R E-i ---- ------ - - -
0 
Knoll Sprin!!'s, 20 miles north of Lake .......... . .. . 
Creek, Millard County. 
69 Sulphureted . ... 
Locomotive Springs, near Seco, at north ..... .. . . . . . . . .........•......... • • •· · · -
end of Great Salt Lake, Box Elder Co. 
Miner£il springs: Uni.In ~ 
.FiftPen miles southwest of Snow- ...... ........ . .. . .... ........•. . . . ..... i,-
ville, Box Elder County. 
In Too~le Valley, Tooele County ... 
Mound Spnnp:s, Smiles above l'lymoutb, 4 
Rox Elder County. 
Salt Lake City Warm Spring, northwest 1 
part of Salt Lake City, Salt Lake Co. 
32,903 103 Saline, sulphu• 
reted. 
Salt springs: 
At Monument Point, near ern1 of . . .. . .. ....................•............ 
Sa.] t Lake, Box Elder Coun1,y. 
In Hansell i:ipringValley, Box.Elder . ............ . .........••. •....•. - .... -· 
County. 
Eight miles west of Deweyville, .. .. •. ..... . . . ..........••...••.•....... 
Box Elder County. 
On Salina Creek, east of Salina, .. ..........•.......•..•.....•..•....•.. 
Sevier County. 
S-ulphur springs: 
On Cliff Creek, south of Yampa PJa ........................••.•••••.•..••••. 
tcau, Uintah County. 
Eastsicle ofCeclarMountains, Tooele . ............................••....... •· 
County. 
South end of Deep Creek Mountains, . .. .. . •...... . ....•......••.••••....... 
28 miles southwest of Fish Spring, 
Juab County. 
In Iron County, thirty-three miles ............................•.•..•..•. • • 
southwest of Minersville. 
T~ermal spring, near Pah-Van But te, in ............ ... ........................ • 
:Sevier Desert. 
Undine Spring, Labyrinth Callon, Em-
ery County. 
miles north of Ogden City, Weber G, 500 to Saline, cha Y • 
U sed f or 
mainly . 
Ba.thing r :;s orL Utah or Bear River Ilot Springs, 8 or 10 ; 12 
{ 132; I 1, 
County. 136 eate. 
Virgin Hot Springs, n ear Virgin City, _ ..... _ .. __ .. . _ ..... _ . . . . . . . .. . . . . . . . .. Local resort. 
Wasbin!!'ton County. 
Warm and Ilot Springs, near Midway, 20 
Wasatch County. 
Warm springs : 
At mouth of Ogden Caiion, W eber 2 
County. 
On west side of Stansbury Range, 1 
Tooele County . 
500+ 
At north entl of Stansbury Range, 12 
near Grantsville, Tooele County. 
A t west ba;;e of Mineral Range, Bea- . _.. .. . .. . . . . . 
116 
150 Saline, calcic .. -
74 Saline ..•....... . 
91 . .. . do .......... . 
74 --···· · ····· ·•••• • 
ver County. 
A t head of i ' rovo Canon, Ufah Co.. . ... .. ...... .. . 72 .•.••..••••.•••••. 
Near Cavo pring Settl mcnt. ..... . ... ... .. .. .. . . 00 ................. . 
Near Cafion of Colorado .. . .. . . . . . .. . ...•.. . .. . . ... 91 .............. . .. . 
At north ond of Utah L ak11,Utah Co .. .. .... .. ... . .......... ...........•••.•. 
E:u1t sid of Promontory l'oiut, Box I _. . . . . . . 84 .. . ......... . ... -• 
Elder Connty. 
~Par Grnnitt,.Krountaiu,.Juab (1) Co .. ............. ... .. . .. Saline .... . ..... . 
Ih,r t:-fourths of milo outh of .l!'ish 3 . . . . . . . . 846 .......... •· •·· •· · 
, p1mg11, .Jnab County. 
Ouoandonc-ltalfmilcssouth of Fish 2 
, ·priugs, ,Tn: h Conn ty. 
011 out h tlg o of salt mar>1h in ..... . ....... . 
nnko Valley, .. !illurd Conntv. 
On w1 t Hlor,<' of Iiu ral R:ing 
Bran r 'onnfy. ,, 
81 
67 
W-arm •rtlplwr 1tprinq1 : 
0111101 th i1h, ofO 11(,0 'nfion, "' <:br·r _ . .............. . .. . .. ......... .. • • • • • .. 
County. "' 
(,'314) 
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Analyses of mineral springs in Utah. 
Constituents. 
Hot Spring. Ilot Spring, 
Carbonated 2~milesnorth inregion .Jones'sWarm 
Spring, near of Salt of Great Salt Spring. 
Draper. Lake City. Lake. 
Parts in 
1,000.a 










0.12 Magnesium carbonate . .. . . . . . . . . . . . . . . . . . . . . 0. 08 ......... ... • • • .. • • • • • • • • • • · 
Magnesium sulphate . . . . . . . . .. . . .. . . .. .. . . . . 0. 02 ...... , ..... • • •. • • • • • • • • • • • • · .. · · · 
1.47 Calcium sulphate . . . . . . . . . . . . . . .. . .. .. . .. . .. . . . . . .. .. . . . . . . 0. 81 ........... • • • 
Potassium sulphate.......................... ni ........ g_' 05 .. :::::::::::::: .......... 6:50 Sodium chloride... ......... . .. . • .. . . . . . .. . . . . 
Calcium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 09 . ... • . ....... • · • · · · · · · · · · · · · 
Magnesium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 29 .•.•. - . . . • • • • . 0. 86 
Potassium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 02 · · · · · · · · · · · · · · · · · · · ·Ti~~~· · .. . . . ... ?. ~~ 
EI~~t\:::)::::::::;::;::::::::: r··· i::~- ::::::::~:;~:: _____ 1._" Trace 
0. 02 
Lime.·----· ..... ... ...................... ... ..... ... ___ . ................. _ .. ..... .. .. . .. ...... 23. 26 . -- ... -- --- ... . 
Chlorine. .................................... ...... .. ...... .... .. .. •..... 147. 37 ............. . 
Soda.. ... .. .. . ... .. ....... .................................... ............ ... . .... .. .. ..... .. .. . .. .. ...... ... .. 122. 75 ................... . .. 
Magnesia ............................................. ........... __ .... _ .................. ___ ...... 16. 58 .... . .................. .. 
Sulphuric acid ............................................. ..................... _ . .. . .... .. ...... .. . .. .. 20. 98 ....................... .. 
Loss . . . . . . . .. . . .. .. . . . . . . . . .. .. . . .. . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 0. 15 ............. . 
Total ..... .................... ........ . 1. 66 10. 60 352. 00 !J.28 
Gases. 
Carbonic acid ... .. . . . ....... ·.... . ........ .... In excess ....... , . .................. . 




Constituents. Salt Lake tity Warm Spring. orBearRiver Spcf~fuif:ar 
Tiot Springs. :Mountain. 
Grains I'arts Parts in Parts in Piirts in 
per gallon.• in 1,000.h 1,000.d 1,000.f 1,000.g 
Calcim~ carbonate . . . .. . .. . . .. < 3 58 s 0. 75 0. 33 ........................... . Magnesmm carbonate ... ... .. . 5 · c 0. 23 0. 84 0. '.!016 .... ..... .... . 
Sodium sulfihate . . .. . . .. . .. . . . 5. 52 0. 65 . .............. . ....................... .. . . 
Calcium su phato .. .. . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . 1. 37 0. 3004 2. 0!) 
Iron chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 02 
Sodium chloride... ....... .. . .. rn. 54 8.17 7. 72 18. 0168 JS. 14 
Calcium chloride.......... .. . . 4. 53 0. 06 . . . . . . .. . . . . . . 2. !)187 o. 58 
Magnesium chloride . . . . . . . . . . o. M . • • • • • • • • • . • • . 0. 16 0. 1398 o. !Ji 
Potassium chlorid1,.... . .. . . . . . . . . . . . .. . . . . . . . . . .. . . .. . . . . . 0. 84 1. 6732 1. 07 
Iron r eroxide . . . . . . . . . . . . . . . . . l 0. 17 5 . .. . .. . . .. . . . Trace . . . . . . . . . . . . . Trace .Alumma . . .. . .. . . . .. . . . . . . . . . . 5 c . . . . . . .. . . . . . Trace 0. 0040 Trace 
Silica..... ................. . . .. . . . . . .. . . . . . . . . . . . . .. . . . . . . . 0. 0.2 0. 0460 ............ .. 
Nitric acid . ............ .. .. .. . . . .. ... .. . . ... . . . . . . . . .... .. . ...................... _... Tra.ce 
Sulphureted hydrogen, al.J. . . . . . . . . . .. . .. · 0. 87 ..... . ........ ... ..... ...... _ ........... .. 
sorbed. 
Total. .... . .. .. ......... . 33. 88 10. 23 
Gases. 
Carbonic acid .... . ....................................... . 
Sulphureted h.vdrogon .. ....... ..................•......... 
•I. T. Kingsbury, analyst (188:.l}. 
hL. D. Gale, analyst (1851). 
° C. T . .Jackson, analyst ( 1850}. 






•C. T. Jackson, anal.vst. 
'F. W. Clarke, n,nalyst (1884). 
RI. T. Kingsbury, analyst (1884). 
22. 87 
Trace 
188 MIN".ERAL SPR!NGS OF 1'H£ UNITED ST.A. E _ 
COLOR.ADO. 
Both hot and cold mineral springs abound in 
ute to the reputation of the State as a health resort. Co 
newness of the State, a fair proportion of its springs h 
proved, and several of them have become known all oyer 
Among these are Manitou Springs, at the base of Pike's 
autl10rities for the list given here are the reports and m 
Hayden Surrny and of the Wheeler Survey and Dr. Gharles 
Rocky Mountain Health Resorts, supplemented lJy personal 
of a large number of the localities. 
Mineral springs of Colorado . 
Name and location. 
· A.llrnli Springs, near Monument Park, 
El Paso Oouuty. 
Alum Spl'inJ!:, in Schell Cafion, Purga-
tor.v Rivet·. llent rJounty. 
Antelope Springs, .Antelope Springs, 
Hmsdale County . 

















::= ~ I-< Character of tho <llp 
~ U:, water . . s..::l ~ 




Unimpro,cd. Artesian Well at Steel Works, Pneulo, 
Pue~lo County . 
.Artesian Magnetic Mineral Spring, 
,near Union Depot, Pueblo, l'uoblo 
County. 
5,000 60 Sulpho-saline _.. BatJ1ing resort. 
Ilurdsall's Soda Lake :springs, Jeffer-
son County. 
Canon Cit.v Spr1ni,:·s, Canon City, Fre- 57 
104 
Carbonated .. _.. Resort. 
mont Countv. · 
Cnuon Cit,y jJot Sprintr, 1 mile from 
Caiion City, Fremont Conuty. 
Cniion Creek S1)ri11gs, near Ouray, t 3 Ouray County. 5 
Carlisle Spring, near IleaYcr Creek, 
Pirnulo CJouutv. 
Chalk Crock Ilot Spriugs, uoar Ilcy-
wood, Cbaffco County. 
Chalybcate Spring, in Spring Ilottom 
of A.rkansnA River, Ilent County. 
Do. 
. ........... I~:} Sulphnrctcd,&..: . 
4&0 G5 Saline ......... . 
Col.to!lwoocl llot Sprin_gs, Cottonw o<l 
SprrngR, Chaffee County. 
Elbert, Iron Spriurr near nockwootl 
La Plata County:='' ' 
12 :· ::· : lJ': ~ho~yb~~t' / 
. ••• •• . . . • . . 001 Chalybcato .. _ .. Unirupro,c,<l. 
Estes Park 'p1-ings, E. tos J>ark, Lad. 
mer Connt,,. 
Ilarts<-1 Hot Mineral Springs, IJartscl, 
Park Connty. 
Ilam:!lan Ilot 'Springs. ca11t si<le Ran 
Luis Ynlfoy, Saguach County. 
IIot BpTtn!Jil: 
On '011th l•'ork of ~n~ajo Tiivl' r 
southwc t of Jfantl d i'oak 'o: 
n ~o 'onuty. ' 
On,Roc·), TC' k, nc:ir .,pri,i p ak, 





..,u]phurctld .... TI 
. ..... ·-· ·-·- ···-· ······1 .. .. ············ 
S01 Snlpbul'<'tr<l .... 
i :~+11 .. ;,, ;·; 
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Minrral springs of Colorado-Continucll. 





rD ~ I-< ~ 
<D ~ 0 I-< 
Name and location. ~~ Character of the .... ~ Remarks. 0 blJO water. 
Iron Lake Spriugs, near Sil vertonPass, 
San Juan County. 
Irou Springs, Bent County, northeast 
of Thatcher. 
Iron Springs, 12 miles from Telluride, 
San Miguel County. 
Liberty ~ot Springs, Wagon Wheel 
Gap, Rio Grande County. 
Manitou Springs, Manitou Springs, 
El Paso County. 
I-< .s."1 I-< <l) <l) 
.0 
~ 
.:i. s s p 0 <l) 
~ ~ E-! 
0 
Chalybeate .. .. . 
. ........... .. ... . . ..... . ... tlo .. ........ . 
. ........ . .. ~\~O{ 
{150 5 
395 un 





Mineral springs : · 
Mouth of canon, on Purgatory ...... . ......................... ......... . 
River, Bent County. 
Unimpro,ed. 
Ou Caddo Creek, 20 miles above . . . . . . . . . . . . . . . . . . . . . . . . . .............. . - -
mouth, Bent County. 
Do. 
Near Conejos, Conejos County. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Thermal .... .. . . 
Four or five miles cast of Callon .. .•.. ... . . _ .. .. . .. ..... . ......... ...... . . 
City, Fremont County. 
Three miles southeast of Pagosa 
Spriugs, Conc,ios County. 
One mile below Pagosa Springs, .. . . . . . . . . . . . . . . . . 6 .••••• .••.. - - . . ... 
Conejos County. 
Do. 
Do. On Cement Creek, uearEastRiver, . ... ...... . . . ... . 
Gunnison County. 
Ca1cio ......... . 
In Biel well Basin, near Irwin, Gun• ...... .. ...... _ .. . 
nison County. 
Sulphuretod, Do. 
On White Earth River, Gunnison 
County. 
Mlneral Park Well (artesian), on Ar. 
kansaf! River, ½ mile above Pueblo, 
Pueblo Count.y . 
.Morrison Sprillg, Morrison, J efferson 
Conutv. 
ohalybeate. 
) 48 { Carbonated,cal- { 
-· · · · · · .. · · · { ~~ 5 f ;%ea~~~ cha. 5 D~. 
. . - . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . Usecl for bathing. 
Sulpburctetl .... Resort. 
Unimproved. Mound Soth Spring~, Currant Creek, 9 miles from h ead, Park County. 




Ouray Mineral Springs, Ouray, Ouray 
County. 
Pagosa Springs, P agosa Springs, Co-
Ill~jos County. 
Parnassus SpringR /or Reel Crock 
Springs), Retl Creek, near Beulah, 
Pueblo County. 
Pinkerton Springs, 5 miles west of 
Trimble, La Plata County. 
Poncho Ilot Springs, Poncho Springs, 
Chaffee County. • 
Porter's Spring, Denver, Arapahoe 
Ceunty. 
Salt Creek Spring, Salt Crook, Pueblo 
County. 
Sau springs : 
.Between Fort Lyon antl Kit Car-
aon, Bent County. 
At Buffalo Springs, South Park, 
Park Countv. 
Seltzer Mineral Sp'rings ( formerly Pea.-
body Spring~), Springdale, Boulder 
County.' 
Shaw's Magnetic Sprin~s, 5 miles from 
Del Norte, Rio Granue County. 
{
120} Alkaline, car. 








. . . . . . . . . . . . 148 . . . .. . . . . . . . . . . . . . Roilort. 
} { 
59 } Ca~bonatod, sa- ~Has a local reputa,. 
5 . . . . . . . . . . . . to lme, and suJ. tio 
71 pburetod. n. 
. . .. ...... . ... .... 95 Alkaline . ...... Unimproved. 
i100+ 1,000,000 ) i~ i .... ..... .. .... ... Resort. 
5 . {168 ~ 
. ..•.. . . . . . . . . . . . 60 Sulpho- chalyb- Improved. 
eate. 
1 7,000 Saline . . . . . . . . • . Used locally. 
1, 000+ . . . . . . . . . . . . . . . . . . • . . . . . Resort ancl nstd 
commercially. 
Resort. 
1 Walton describes these springs under the name" Rocky Mountain Springs," but the proprietor says 
he ie at a. loss to know the derivation of tho no.me. 
(317) 
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Mineral sp1·ings of Colorado-Continued. 
ii la ;i <I) 
bl) p. d .s <IJ ~ 
la A q) p. 0 
Character of the Cl) ~g la 








m 0 ~ 
~ ~ 8 
0 Soda springs: 
Six miles south of Callon City, .... _ ............ . ............ - - - .. -.. - - · · · - · · · - .. · · · · · 
Fremont County. 
ft!!t0Jlt~iJ;ii~~:Ej~~c~~!l;;:: :::::: ::::::: :: : : : :::::: :::::: :::::: :::::: 
On Pine Creek, south of Toxas . ................ - -• • • • · - · · · · · · · · · · · 
Creek, Fremout County. 
South Park Springs, south cud of . _______ .. _ ........................ -- - - - - • · • - - - -- - · · 
South Park, Park County. 
SteamboatSprings,SteamlJoatSprings, 30 .................. Saline, sulphu-
Routt County. reted. 
Stinking Springs, 2 miles from Salt ........................... - -- - - • • - · · · · · · · 
Creek Springs, PuelJlo County. 
Sulphur springs: 
Near head of Cement Creek, Gun- ................•..•.•.•.. - -. - - • · · · · · · · • · · 
nison County. 
East of Chicosa, Las Animas Co .............................. -- . - - • • • • • • · · · · 
Three miles from Crested Butto 
Gunnison County. ' 
On Grauel River, near Gypsum . _ ........................... - -- • • • • · · · • • · 
Ea~le County. ' 
gi;n!fJ~~g~io~ ~~:t~lH~~~f~io: · : ::: : : :: :: :: : ::: :: :::: :: ::::::: ::·::: :::::: 
.Huerfano County. 





Tomi.chi Hot Sprin,rs, near Elcrin Gun-
nison Connty. '"' ' 
~ 
75 
5140 ! Saline, sulphu- (Local resort. 
S · · • • · · · · • • · h~o 5 reted. ~ 
TiimlJlo Spri□ gK, TrimlJlo, 1,:i, Plata 
Couuty. 
2 .. . . .. . . . . . . 130 .,Ukaline, saline. Resort. 
Tripp Springs, near TrimlJlc, La r1ata 
County. 
Uncompal.Jgre Springs, U11compahgre 
Park,. Ouray Uounty. 
Welhiv1lle Warm Springs, "\Vollsville, 
Fr6mo□t Connty. 
95 Alkaline........ Unimpro,ed. 
Do. 
Analyses of mineral springs in Colorado. 
Canon City Springs. 
Constituents. 
Tot.al .•.•••.••••..................... _. 
Iron Duko. Littltl Duke. 


























Analyses of mineral SJJrings i n Coloraclo-Cootiu ucd. 
Constituents. 
Can on City Springs. 
Con~ress 





P arts in 
I'arts in 100,b Parts in 100.b 100,000, h 
Sodium carbonate. ........... . . . . . . . . . . . . . . . . O. 0332 0. 0110 . .. .. . .. . . ... . 
Calcium carbonate................. .......... o. 0482 O. 0553 10. 20 
Magnesium carbonate . . . . . .. . . . . . . . . . . . . . . . . o. 0300 O. 0211 17. 10 











104. 60 Sodium suly.hate .... . . . . . . . . . . . . . . . . . . . . . . . . . o. 0310 O. 0134 . ..•• . .... .... 
lillff ~~!ti+++•:::::•::::: /: :; ~i i\i~; • : ::: : : ,: fli; • : •:::II•• ; --------::· :: 
Total ................................. . o. 2063 0.13~0 88. 80 165. 24 
Hot Sulphur Springs, Middle Park. 
Constituents. 
Spring N o. 1.\ Spring No. 2. Spring No. 3,1 Spring No. 4. 
Total ... ..... . .................... .. .. . 101.75 65. 09 66. 51 74. 96 
Hot Sulphar Springs, 
Middle Park. Estes Park Springs. 
Constituents. 
Spring No. 5. Spring ;fo, 6. River Spring. 
Grains per Grains per 
gallon.d gallon.d 
Sodium carbcnate............ .... .. . .. . . . . . . . 39. 37 22. 42 
Calcium carbonate.................... ....... 3. 68 6. 43 
~~f~!~b~~!r~~~~~~-::::::::::::::::::::::: ........ ~-- ~~ .. : : : : : : : : : : : : : : 
Soclium sulphate .. ......... .. ......... ...... ·. 9. 85 25.11 
Potassium sulphate.. . .......... . ......... ... o. 96 1. 69 
Sodium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13. 97 13. 11 
:Silica . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 31 1. 36 



















) 0. 99 
Trace 
Ammonia... ........................... .. .. .. Trace Trace ................... . .. .... . 
Oriranic matter . ................. . ......... ........... . .. . . .. .... . .. . ... . 
Carbonic acid (free).......................... 9. 49 4. 69 
1. 79 
Total ..................... . ........... . 80. 56 74. 81 16. 38 
• Probably Seltzer Springs. 
h0acar Loew, analyst (1875). 
•O. T . .Jiwkson, analyst. 
dE . .J. Ma.llot, jr., analyst (1875). 
eC. F . Chandler, analyst, 
(310) 
2. 06 
17 .. 30 
192 MINERAL SPRINGS OF THE UNITED STAT 








Little Chief Manitou 
Spring. Spring. [~~~j; I ~~rt;~ I s:;~°,;.e 
----------- f-J-
1
a_r_t_s_i1_i_,_P_a_r_t,Y_i_·n-l-P-. -ar_t_s_i_n--J-P-a_r_ts-i1-i I Parts in Parts in 
100,000.• 100,000.• 100,000' 100.000.• 100,000. 6 1 00,000.e 
Sodiumcarbonate.......... . 59 84 15 16 5?. 26 124 60 ?3 82 8 .S 
Calcium carbonate.......... 59: 04 75.-20 11i': 00 1:rn: 40 4o: OO I} 10S. ~ 
Magnesium carbonate . . . . . . 14. 5U 13. 01 20. 51 31. C6 6. 10 
.Lithium carbonate... . . . . . . . '.l.'1·ace Traco o. 21 o. 24 T1·ace Trace 
Iron carbouate ......... . . ·... 8:,o"·. ~86 ,_11·. 8880 Tlr9a. 7cel 18. 421121 .. 2440 . ••.... 37." o · 






ha·t·e·······-·_·_· _·_·_· 7. OL 6. 24 13. 35 J6. 21 Trace 5. 12 d, SL. 59 47. 97 40. 95 39. 78 13. 93 42. 12 
Silica....................... 2. 69 2. 22 2. 01 1. 47 Trace Trace 





• Oscar Loew, analyst (1875). •I. G. Pohle, analyst. 
~c. T. Jacksca, an'alyst (1877). 
•E. J. Mallet, jr., analyst. 
d George E. Patrick, analyst. 
(320) 
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Analyses of mineral springs in Colorado-Continued. 
Liberty Hot Springs. Parnassus Springs. 
Constituents. 
I 
~i~i~ ~~~~~ ~~~!~ Spring Spring ~~~~~ No.2. No.3. 
Parts in Parts in Parts in Parts in Parts in Parts in 
100,000.• 100,000.• 100,000.• 100,000. • 100,000.• 100,000. • 
Sodium carbonate .......... 69.42 Trace 144. 50 126. 04 118. 45 73. 32 
Calcium carbonate . ...•••••. 13. 08 31. 00 } 22.42 71. 00 { 54.54 46. 91 Magnesium carbonate •••••. 10. 91 5.10 22. 43 17.03 
Lithium carbonate .......... Trace Trace Trace T race 1. 78 0.15 
Iron carbonate ...........•••. ·····--··--· ·----··--- -- 1. 54 2. 23 2. 75 
Sodium sulphate ............ 23. 73 ·····io:5o .. 13. 76 8. 78 3. 98 3. 28 
§gjl\:0cbl~~K!~~~:: .: : : : : : : Trace Trace Trace 19;22 18.44 
14. 54 
29. 25 11. 72 33. 34 102. 96 104. 13 53. 23 
Silica . . ... .. ................ 5. 73 1.07 4. 75 4. 21 7. 94 6. 00 
Organic matter . ............ Trace Trace Trace Trace Trace ·-···-· ·" ·- · 
Sulphu~eted hydrogen ...... Trace 12. 00 ·-- -----··- · .............. ·--- ------- · T race 
-Carbomc acid ..••...... , •... -----------· .................. ------- ♦ --- - In excess In excess In excess 
I --------
Total ................. 152.12 71. 39 218. 77 333. 75 333. 92 
I 
217. 21 
Pagosa Spr ings. 
Constituents. 
Spring No. 1. Spring No. 2. Spring ~ o. 3. Spring No. 4. 
Parts in Parts in Parts in Parts in 
100,000.• 100,000.~ 100,000.• 100,000.• 
Sodium carbonate ....... ; ............•.... · .. 4. 70 3. 33 ------·-· ··-· · ·----··· · 
-Calcium carbonate ..... 59. 00 59. 50 54. 51 58. 73 
Magnesium uarbonat0 .• ::::::::::::::::::::: 4. 85 3. 92 3. 68 3. 59 
I.it ium carbonate . .......................... 0. 71 Trace Trace Trace 
l}:E0:i:!~11~~: :: : : : : :: : ::: : : : : : : : :: : : : : 221. 66 220. 20 223. 92 224. 59 7.13 6. 98 6. 63 7. 10 29. 25 29.36 31. 21 29. 81 
Silica .. .... .. ...... . ......................... 5. 70 5. 21 5. 53 3. 82 
-Organic matter .............................. Trace Trace Trace Trace 
Total . . ................................ 333. 00 328. 50 325. 48 327. 64 
• Oscar Loew, analyst (1875). 
NEW MEXICO. 
In many portions of New Mexico, alkaline and saline waters (many 
of them warm or hot) are doubtless more prevalent than are pure waters. 
The mineral springs that are utilized for medicinal purposes are nu-
merous, and some of them were used years ago by the Franciscan and 
Dominican friars, and by the 1ndians prior to the advent of Europeans. 
Many of the hot springs have widespread reputations throughout the 
Southwest. Among those most used at the present time are Las Vegas, 
Jemes, Joseph's Ojo Caliente, and Hudson's Hot Springs. The present 
list for the Territory is compiled mainly from information furnished by 
member of tbe United States Geological Survey whose field of work has 
been in New Mexico. Various Government ~xploration and geological 
report and hand-books have also been drawn upon. Tbe analyses,.. 
with one exception, have been taken from the Report of the United 
States Geographical Survey West of the 100th Meridian (Vol. III, 
-Geology). 
(321) 
B ull. 32-13 
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tfl :; ~ 
Name and location. 
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0 bllO 



















Character of the ~ 
water. 




of Fort ~ayard, Grant County. 
Aqua Cahente, near Mesilla (7), .•••••.••.•••• • •• • • • • • • •• • • • • • • • • • • • • • • • 
Dona .A.na County. Water is on sale in Santa. 
Aztec Spring (Ojo Xi!Zante), 4 ••••••••.••••••• •····· •••••• •••• •• 
miles iiast of Santa Fe, Santa Fe Fe. 
County. Cabello Springs (7), 5 miles from .••••..••..••. 
Fort McRae, Socorro County. 
136 ........................ 
Geyser in Bernalillo County, 12 . . • • . . . • • • . • • . Warm .•••• • • • • • • · • • • • • • 
miles northeast of Fort Wingate. Resort. 
Hudson's Bot Springs, near Bud.. . ............... - ...... • - • • - • · • • · · · · •• · · · 
son, 4 miles northwest of Mim-
bres, Grant County. 
Hot springs: . In San Diego Canon, on San ...•...•..•••..••.•••.. • - • • • • • • • • • • • • • • · 
.Antonio Creek, north of 
Jemes, Bernalillo County. Near the Rio Grande, north of . . . • . . . . . . . • • . . • • . . • • . • • • • • • • • • • • • • • • • • · 
Palom!.ls, SotJorro County .. ............ ---- .. 
On Diamond Creek, near ..•••...•..... 
mouth, Socorro County. 
151 
Gila River, near Diamond ...•........•. 
Creek, Socorro County. 
100 ·················· 
Jemes Hot Springs (lower group), 
twelve miles above J emes, Ber-
nalillo County. 
JemesHotSprings (uppergroup), 
San Diego Canon, 14 miles above 
Jemes, Bernalillo Coant,y. 
La!! Vegas Mineral and Hot 
Springs, near Las Vegas, San 
Miguel County. 
l 10+ . • • . . • • . { 
1
~} Saline ..•.••.••. 
} 40 .•••.••. { Jn .... do ....•• ·. · · · 
} 40 { 
1
ii} Alkaline, saline. 
Mineral springs: Three miles east of Gallup, ........................ - ... -- • - • • • - -- · · · · · · · · 
Bernalillo County. Eighteen miles west of Abi- ...................... • • • • • • · • · · · · · · · · · · 
quiu, Rio Arriba County. Five miles east of Ojo Azufre, . . . . . . . . • . . . . . . • . . . . . . Alkaline ....... · 
Bernalillo County. East of Great Ranch and 3 . • • • . • . • • • • • • . • • • • • • • . Alkaline, snl· 
miles northeast of Las Ve- phureted. 
Do.. 
Do. 
gas, San Miguel County. Ojo Azufre, .Bemalillo County, 20 . . . • . . . • • . • • • . . • • • . • • . Snlphnreted, &c. 
miles west of Fort Wingate. Ojo Caliente (Joseph's) , Taos l ·{ 1081 Alkalineandsa- Used commeroiall.r and 
County, 12 milefl from Barranca, 4+ 6, 000 to line, thermal. aa a resort. 
north of Abiqaiu. 122 ········ ········ ·················· Ojo Caliente, Mimbres River, 15 
miles no1t,h of Mimbres, Grant 
County. 
Ojo Caliente, 12 roilet1 southwest 
of Zuni, Valencia Count:v. 
Ojo Caliente, near Cherryville and 
Canada Alamosa, ·ocorro Co. 
Ojo Sarco, on Rio Grandti north of 
anta. Barbara, Taos County. 
San Ysi';lro Sprinl!, near .Jomes, 
Bernnhllo County. 
··· ····· ---····· ··········· · ······ 
i:::: :::::::!::::~: :~:=::::: 
Soda springs: Tbr e miles uorth of Ojo Ca• ...• . ... ............... • • • • • · • • • •• · • • • •· 
li nte, Ta U unty. · Ou alado Cr ek, 4 or 5 miles ........•...........•... • • • • • • · · · · · • · · • · 
>i!JUth of San Ysid10 B ma- I 
lillo Connty. ' our or 5 mil!- outh of Car- . . .. . . • •.... .. ••.... . • •···· •··· · • · ·· · · · 




t •en mil -~ north a t of 
1 
............. .. ........................ . 
l•ta, Bern ;• Jillo C'ount:v. 
tiDkting C·p1,i_n ', 10 mil north- . • • • • . . • . • . • • . . . • . • • • . ulphureted . .. · 
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Mineral springs of New Mexico-Continued. 
'° 
,.. 
~ QI bl) i:i. 
~ 12) fa:l = i:i. ~-
12) ~r-: ,.. Character of the 
Name and location. ~ ce = = 0 bllo 1 water. 
Remarka. 
Sulphur Bpringa: 
In Chusca Valley, Rio Arriba 
Count,. 
West of' Mesa Lucera, Valen• 
oia. County. 
Five miles south of Taos, Taos 
County. 
Warm BJ)Tings: 
Near Hudson, 6 miles north-
west of Mimbres, Grant Co. 
At head of San Dieg9 Canon, 
Rio Arriba County. 
At cop~er mines pf Rio San 
Francisco, Socorro Co. 
W~rm Sulphur Spring, Rio Paja-
nto, Taos County. 
t 












.Analyses of mineral springs in New Mexico. 
Constituents. 





Jemes Hot Springs. 









'!lm carbonate.......... lO~!lg~is• lO~S~git .... ~~~-- ~ ....... ~~~--~... l~o0;19 lOO, ~gi: ~O 
a 01um carbonate . . . . . . . . . f o. 0641 O. 0300 O. 0548 
Magnesium carbonate...... 6· 25 5· .• 0 < o. 0103 0. 0240 o. 0057 13· 75 
fithiumbcarbonate..... .. .. o. 21 0.16 .•.•.........••.......•........... .........••... . 
S rill car onate. . . . . . . . . . . . . Trace Trace . • . . . . . . . . . . o. _0002 . . . . . . . . . . . . . . .......... . 
o um sulphate........... 13. 60 19. 33 0. 0035 . . . . . . . .• . . . 0. 0059 5. 26 
Potassium sulphate ....... . 5.17 5. 34 .•.••.........••.....•••. •.......•.. . ...........• 
~aAcium sulphate . . .. . .. . . . . .. . .. .. .. . . . . . . . . . • • . . . Traee o. 0262 ........ . .. ............. . 
~. ium chloride............ 38. 03 39. 78 o. 1622 O. 1508 O. 2642 6. 41 
Silica · · · · · · · • • • -. . . . . . . . . . . Trace Trace Trace O. 0010 0. 0201 Trace 
Potassa • • -- . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . Trace Trace Trace ...........• 
jhthia · · · · · · · · · • • .. • •..... . . . . . . .. . . . • .. . . . . . . . . . . .. Trace Trace Trac~ ...... ..... . 
osphoric acid............ ..... ...... ...... ... . . . . .. . . . ...... .. . . . . .... .. Trace ........... . 
Total. .............. . 260. 21 254.30 0. 2401 0. 2322 o. 3726 
Constituents. 
Warm Sul- Las Vegas Mineral and Hot Springs. 
San Ysidro phur 
Spring. Spring, Rio 
Pajarito. ~~.tg ~~-g Spring No.3. 
Parts in Parts in Part, in Parts in Parts in 
100. • 100, 000. • 100, 000. a 
Sodium carbonate . .. . . . . .... . . ... . .. 17. 01 5. oo 
Valcbm carbonate....... 0. 0670 
7 19 11
. 41 f 
100,000. a 100,000. • 
1. 72 1.17 







0. 0605 Magnesium carbonate . . . O. 0243 · < 
§~a?uC:r:u1~iit:~::::: :: : : i: ~~~~ .... · ii.iio .. · ·- · .. i4:ii .. · ·· · · · i5.. oa .. · · · · · · iii.'21 .... · -- ·o: 022s 
~~r!1:1 c'htfo~tf !e_ : : : : : : : : ... -o." 3072.. . .... o:ii.. . ..... 21: 26.. .. -... 24." 37.. . ..... 27." 34" iJ~gi 
Silica. . . . . . . . .. . . . . . . . . . . . Trace Trace 1. 04 Trace 2. 51 O. 0220 
Potassa. . . . . . . . . . . . . . . . . . Trace Trace Trace Trace Trace 
Lithia . . . . . . . . . . . . . . . . . . . Trace Trace Strong trace 
1
Strong trace Strong trace 
Total. ...... : ..... . 0. 5632 a~ ~n I ~10 ~~ o. 2831 
• Oscar Loew, analyst (1875). 
b F . w. Clarke.analyst (1885). 
• Contains carbonic acid and hydrogen sulphide also. 
(323) 
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ARIZONA, 
Definite information relating to the mineral springs of .Ariz 
ficult to obtain, and the list given here is not offered as co.m 
some portions of the Territory alkaline, saline, and sulphur 
are so numerous that they attract but little attention. So 
be ascertained, none of the springs· included in the table 
improved, although the Monroe Springs are said to have bee 
some extent for bathing. Saline springs appear to be most 
and a large number of them are thermal. Many of them will P 
be utilized for medicinal purposes as the country becomes more 
populated. The few analyses given have been derived from 
(geology) of Wheeler's survey reports. 
Mineral springs of Ari~ona. 
Name and location. 
• 0 
fBttr.,31 
.Alkali springs, in Boo-koo-der-klish Canon, .Apache County ....... . .. - - . - • • - • • • • • - - • - S~e~• a.Ik&-
Agua Caliente, opposite Burke's Station, on Gila River, Maricopa .....••... - . - -. - - -
County . 
.Ap;ua Sal qreek, southwest of Carriso Mountain, Apache County . . ......• - - - - - - - . -• • • 
Bitter Sprmg, south of Lee's Ferry, on Colorado River, Yavapai ... . ............. . 
County. 
Croton Sprin_gs, i1;1 Sulp~_ur Springs Valley, Cochise County......... 2 ..••...• - - . - • -
Gyps~m_ Sprmg? m Detr1tal Valley, Mohave County ..... . ...... . ..... , ..•.... •···· -- · 
.Hos-h1-t!•to Sprmg, southwest of Carriso Mountain, .Apache County ........ - . - .•• -• - •· 
Hot springs: 
Opposite mouth of Cabicu Creek, Gila County. . . . . ........•................•.•• • 1 
East _of Black Canon of Colorado River, Mohave County .... . .....• ·1 · ..... . ...... . 
On R'.o Sall: Francisco. 7 miles &.bove the mouth, Graham County. 4 •.•.•. 127-180 
Lava sprmgs, lil Grand Canon of Colorado Itiver, Mohave County... . . . . . . . . . . 89 
M!neral sprin~, 13 miles northwest of Green's Peak, .Apache County ....... - . - -. • -• - • · 





Monroe Hot Spring, ~astle Creek, 60 miles south of Prescott Mari- 1 4,200 150-160 
copa County. (B:J-thing resort.) ' I . 





Palh!!'un :spring, in Grand Wash of Colorado, Mohave County. . . . . . . . . . . . . • . . . . 100 
a t springs: 1 t,long canon of Salt River, Gila County .... . ....... . .............•... • • - • • -• - · · · • · 
C?uth of St'?ne's Ferry, ou Color!l-do River, Mohave Count .......... -.. - - . - • • · -- · 
~ifty or60m1lt:snortheast of W1lhams's Trading Post, .A.paoiie Co ........• - • -. - -• • · · 
S d ncthe Colo~ado Chiquito, near Hardy, .Apache County . ............. , .... -· .•. •· •· - al h ted-
aDefla:::. Sprmg, Apache County, 50 miles northwest of Fort ....••••••..•... - - S P ure 
~gnu~ Spr!-ng, 40 ID:iles northwest of Fort Defiance .. . . _ . . . . . . . . . . . . . . . ••• • . . Tepid. / . 
ahn c' pi·mg, 50 miles northwest of Williams's Trading Post, A.pa- ... ·1· ...... . do .. . 
c e oonty. 
T
ulh phorl 'pri_ng, southwest of Camp Bowie, Cochise County ...•..•....•..••.•.. - . -• •· • 
erma nga: 
O ep rabji, Pima County ........ _ ... _ .. ____ .• __ ._ ...• _ . . .•... _ ..•• __ ••... /. _ .. __ . • 
n r1eto iver, Graham County .... . ...................•...•••.•••.. •. • • • · • • • · • • · 
(324) 
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Analyses of mineral springs in Arizona. 
Constituents. 
Hot 
Mineral Gyp~um Springs,. 
~f{i!~ ~~f:tt{i Rio San 
Spring. Valley. !i:C~: 
Total..................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189. 2 764. 3 o. 6668 
• Oscar Loew, analyst (18'15). 
NEV.A.DA. 
The State of Nevada is better off in respect to springs than in regard 
to streams of running water; She occupies a prominent place as a 
mineral-spring State. Both hot and cold springs {the former predom-
inating) are found in every county. Walton's work credits the Stato 
with two localities, and yet there are at least ten localities that are-
utilized for medicinal purposes; and many of them were so used by the 
Indians long before settlements were made by the whites. Our table 
includes more than one hundred localities, and yet only a part · of 
the actual number of springs are given, for some of the groups contain 
as many as forty or fifty or even m·ore individual springs. It is im-
possible at present to give the total number of springs. Steamboat 
Springs is probably the best known resor t , as it h~s long been readily 
accessible. The warm and hot springs are found mainly in connection 
with geological fault-lines or fractures of the st,rata. Salt springs and 
borax springs are numerous. Sulphureted springs are frequently 
found also. So few of the springs have been analyzed that the greater-
part of them must be considered as unknown, so far as their chemical 
character is concerned. The list of springs has been compiled from 
various maps and such Government reports as were accessible, sup-
plemented by information furnished by members of the United States 
Geological Survey who have worked in Nevada. 
Mr. I. C. Russell and Dr. W. J. Hoffman have added largely to the 
list from their personal knowledge of the State, and thanks are also due 
to Mr. L. A. Buckner, of Winnemucca, Nev. 
(325) 
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.2frncral springs of No1Jada • 
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0 .Alkali springs: 
Seven mil.es north of Montezuma, .••.....•..••. . ...•.•. -• • • • • • • • • • • • • • • • • 
Esmeralda County. 
Ten miles northwest of Lone 
Mountain, Esmeralda County. 
Allen's Spring, south of Carson's 
Lake, ChurchHl County. 
....... ........................... ······1 
: :: : : : : : : : : : : :: : ::: : :::::: ::: : :: :::::: Alum Spring. 5 miles northeast of Steamboat Springs, Washoe County. :Bitter Springs, 15 miles southwest of 
Saint Thomas, Lincoln Countv. I 
Butte SprinJ?, north end of Hot Springs, . . . . . . . . . . . • • . 182 •••••••••••••••• • • 
Butte, Humboldt County. 
Double Spring-, north of' Walker Lake, ............•. Warm ..•.••....•.....•• • 
Esmeralda Connty. 
Double Hot Spring-s, southwest flank ..•••......••. 191-165 .••••••••••.••••• 
1 
of Black Rock Range, Humboldt 
Countv. 
Elko Heit Spring-s, Elko, Elko County ....................................••... Resort. 
Franktown Hot Springs, Franktowri, ....................................... . 
Washoe County. 
GolcondaHot Springs,Golconda, Hum. ,6 ..... •• • 150 Chalybeate and Do. 
:Remark& 
boldt County. sulphur. 
Goodrich Spring, l2 miles from Schell- .••.•. 28,000 160-185 .••••••.•..••.•• - • Unimproved. 
bourne, White Pine County. 
Granite Creek Bot Spring-, near Alkali .•... ......•. ... ............... · · · · ••• · · 
Lake, north of Granite Creek Desert, 
Humboldt County. 
Gypsum Spring-, 20 miles northeast of ............•......••.••••••. • - • · · • · · • · · 
Las Vegas, Lincoln Countv. 
Hot 8prings : -
On north side of Thousand Creek ............. . 130 ·••·••••·•·••·•••· 
Valley, southwest of Stein 
Mountains, Humboldt County. 
In Soldier MeadowR, 15 miles south ..................... - .•••••. • • • • • • • • • • · 
of Camp McGarry, Hwnboldt 
County. 
At south end of Stein Mountains, ............ .. 
Humboldt County. 
178 
2 . • . . . • .. 118-134 Calcic f ....••••• Ten or 12 miles north ,,r Mason's 
Crossing of Quinn River, Hum-
boldt County. 
:ie~!Fla~t~gi::;:::;c;~::.- : ~ ~ ~ ~ ~ ~:: ~: ~: : ~ ~ ~~::: : ~~ ~: ~ ~:: :~: :::J 
Elko County. / 
:East of Division Peak and sooth ...•...........••...•..•••. - .•••. •······ 
of Pah Ute, Humboldt County. 
On nortbeat1t side of Pine Vallev, ...•....•.•.........•..•.•.•.•.. ·· •••••• 
north of Mineral Hill, Eur-e.ka 
Count7, 
South o Alkali Lake, east Ride of •......•.•••..•••••• - . •· • • • •·· • • • •· • •• • 
Crescent Valley, Eureka County. 
On northeast sicle of Pah Cte ...•........•..••......•••.•.•• --• •·· •·· 
MouutainR, Churchill County. 
In Antelope Valley, near .Eagle ........•.•.....•.•••..•••.•••••••••.•.. 
Lake, Elko Count,. 
N ortbw st of ink of Quinn River 2 ··•··••· ·••···•· ·••••·•••••••••••• Ilnmholdt 'ount\". ' 
Near Eir,n Cafion,·1smiles north- ....•......•.. ,. •.•••. ··-~···-········ U for~ c!u~i~. ·helll>ourn •, Whit~ Pine aDd for 
At northwP. t nd of Pyramid .•......•..........•...••... • • •· • • ..... · 
Lak , Wa llo Count,. 
A.t north nd of Pyramid Lake .•......•......•...••...••..••••••.••••. 
w,hoe Connty. ' 
On :an.on Ri'"c• , 6 mil s north- .. .... ......... ....... .. . • • • • • · ••• · • · · • · 
n t of , •non1 Donglaa County . 
.At outb 1111 ol. mok Cr kD ..•..........• ..••. •••...•••..••...••••.. 
t1 , Wu 11 Coant'". 
Atnortb 01lofT quimaRange 18 .•......•.......•..•...•••.••••••••••••• 
mil eouth a t of Au tin Lan-
d r Cot1..11tJ. ' 
(326) 
NEVADA. 
Mineral springs of Ne.vada-Continued. 
ai !il la b1J A 1 I'.: 
<I) r.. ·c i:l 
cf ~ 0 
Ill 
~~ ... Character of the .... s Name and location. 0 b{JO 
~ water. ... .E,.l:l !il <P 
's· ~ A s :;l 0 <P z fi: E-t 
Hot springs-Continued. 
Near junction of Beef and Virgin .......••.. - - . 
Creeks, Humboldt County. 




Spring Creek, HumboldtCounty. 
In Kobeh Valley, near Grubb1s ............. - • • • • • • · · ···· · · ···· ·· · · 
Mill, Eureka County. 
On west side of Smith Creek Val- .•......•.... - -• - • • • • • •·· · • • ·••••• · •• 
ley, Churchill County. 
-On west side of Gabb's Valley, ............. - .. -- • - .. • •· · · · · ·• · · · · • • · · · Esmeralda County. 
-One mile ea8t of Carson City, Orms- . • . . . . . ....•.. 111 
Remarka. 
Improved. by County. 
·Ten mileR north of Wellington, ...... 91,000 40-140 ................ •· Resort. 
Lyon County. 
East of Hot Springs Station, 
Churchill County. 
East of Winnemucca, Humboldt ............. . 
6 ........ 158-187 
189 County. 
At head of north branch of Little ................. -. - - • -• - - •· • • • • -- · ·-- - • 
Humboldt, Humboldt County. 
At head of south branch of Little ......................... - • - •·· • • • • • • • • • 
Humboldt, Humboldt County. 
3 ................ ·······--····-----
On southwest side of Black Rock 
Ran~e, Humboldt County . 
.At south end of Black Rock Range, .................................. •··· •· 
Rumbolt County. 
Near south end of Pine Forest ......... .... . 155 ................. . Range, 7 miles from Mason's 
Crossing of Quinn River, Hum-
boldt County. 
In Emigrant Canon, northeast of ............................. , .••.••• • • • 
Tulasco, Elko County . 
.At south end of Thousand Springs ....................................... . 
Valle.v, Elko Uounty. 
At Cephas Kyles, 7 miles south of ...........••. 125 Sue Springs, Churchill County . 
.At base of Shoshone Range, Reese ... • .. . • .. • • • . 85-117 ................. . 
River Valley, Lander County. 
In Steptoe Valle.v. southwest of . . . • . . .. . . . . .. .. . . • ...•.•••.•••••.••••. 
Rub:vValley,White .tine County. 
Near Silver Peak, Esmeralda 11 .••..... 69-117.8 Saline, &c ...... County. 
Fourteen miles south of Toyabe 85,000 Boiling .... . ........••.•• City, Nye County. 
In Diamond Valle.v, 30 miles north ....................................... . 
of Eureka, Eureka County. 
In Hot Spring Range, Nye dounty. 2 .. . . . . .. Boiling ................. . 
In Salt Valley, east side of Carson ....................................... . 
Sink Mountains, Churchill Co. 
Hot '-ulphur Sprinirs, Carlin, Elko Co . ....................................... . 
Kyle's Hot Springs, 12 or 15 miles east ....................................... . 
of Star Peak, Ilumboldt County. 
Las Ve_gas Springs, Las Vegas, Lin- ............ .. 
coln County. 
Leach 's Hot ciprings, Pleasant Valley, ............. . 
25 miles south of Winnemucca, Hum-
73 
118 
Calcic7 ........ . 
boldt County . 
.Mesquit Sp1'ings, 10 miles east of Las ....................................... . 
Vegas. Lincoln County. 
Miller's Hot Springs, ll, miles north of .. .. . . .. . .. . . . 170 ............ -... - • 
Franklin, Ruby Valley, Elko County. 
Mineral Ilill Hot White, Sulphur 6 150+ Boiling Sulphureted ..•. 
Sprinl?s (Bmff.v's Hot Springs) 4 
miles north of Mineral Hill, Eureka 
County . 
.Mineral sprin_ga: 
OppositeStonehouse Station,Hum- ...................... •······--··· ·• •• boldt County. 
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Muddy Springs, northwest of West 20+ .•.•••.. Hot ....••••..••••• •····· 
Point, Lincoln County. Mud Springs, Desert Wells, Nye Co ...........•..........•.....•.. •····· •·-•·· 
N eh1on Spl'ings, 20 miles south of Gol• , . . . . . . . . .. . . • . Hot ... --- - • • • -· • • • ••••·• 
conda, Humboldt County. Red Bluff Springs, 10 miles east of ...................... Alkaline; saline. 
Saint Thomas, Lincoln County. Rotten Egg Springs, west side of Mud .•.....•••.....•....... -. • - - • • • - • • • - · • • • 
Lake, Washoe County. 
Salt Well, lmilenorthof'Stone'sFerry, ............. . 
Lincoln County. 
Schellbourne Hot Springs, Schell• 
bourne, White Pine County. 4,000 
89. 5 Saline ..•.•...•. 
.. ........ .............. 
120 Saline ..••....• 
Shaw's Hot Springs (formerly Swift's), 
two miles northeast of Carson City, 
Ormsby County. Hot water of Ophir Mine, Comstock .............. .. ......... - • • -• • • • · • • • · · · 
Lode, Virginia City, Storey County. Smoky Valley Geysers, Nye County. . . . . . . . . 4, 200+ Boiling ...... •. - . • • •·: • • • 
Soda Lakes, 3 or 4 miles east of Rag• .......•••..•......... A.Ikalme; saline. 
town, Churchill County . 
• Soda springs: East of South Carson Lake, ... . .. .. •..... 178 -----------······· 
Churchill County. South of Silver Peak, Esmeralda ............... ....... • • • • .. • •· • •· · • • • • • 
County. · Near Butlerfield'.s, Warm Springs, ...................... Saline, &o ..... . 
west of Railroad Valley, Nye Co 
Steam boat Springs, Steam boat, w' ashoe . . . . . . . .•.... . 204 --------------···· 
County. Sue (or Gilbert's) Hot Springs, north .............. 160-185 ........... • •····· 
end of Osobb or Salt Valley, Hum-
boldt County. 
Remark& 
Used for irrigation.. 
Resort. 
Do. 
Sulphur springs : In Esmeralda Count~·, 12 miles ...................... -···•· ........... . 
southeastof Wellington. Im.proved and med 
In Sodaville, Soda Sprmgs Valley, ........................ • •· ..... · · ·•·• · · 
north of Columbus, Esmeralda as a resort. 
Connt.v. At i!Outh end of Diamond Valley, ...................... • •·· •· •···· • •··· · · 
Eureka County. Seven miles east of Montezuma, .......•..••••.• h •••• ••••• •. • • • .. • • • • • • 
Esmeralda Count,·. Eight or 9 miles northeast of To- ..................•••...•••.•••••• ·••••• 
yabe City, Nye County. 
Twi_mty miles south of Frey berg, ............... - •..... •·· • •· •····· ·••• •• 
Lmcoln County. . In Pabrimp Valle~-. Lincoln Co ....••.•......•...•••.••..••••• •····· •····· 
A.t Sand Spring Flat. 15 miles south ..•...... , . . • . Hot .................. • •· 
of Stillwater, Churchill County. 
Thermal springs : On east side of Little Cedar Mount- ..•.....•......•..•••.. -·. - • • • • • • · ·•• • •• 
ains, Elko Cou11tv . 
.At east base of Keene Mountains, a . . • . . . . . . . • . . . . . Alkaline ... ····· 
_San ~ntooio, /e County. Five miles oa t o Patterson, Lin• .•.•....•...•................. • • • · • • · • • · 
coin County. Virgin River, Lincoln County ... . .. ... 
1 
...................... Strooglyeallne .. 
Volcanio Springs, Whirlwind Valley, ..•.........•...•...•........••... •····· 
Land r County, 10 miles south of I 
BPowawe. WCabuska prings, Wabuska, Lyon ...... ........ 138-162 ................. . 




s or G noa. Bot prings, Genoa, 6 600 Hot... . . . . •. ... ... •••••• ReaOrl-
ong as Coant . w~:~~~;;, •Jf~§oilfo~o~~~anite 1· ....... -. . -- . Boiling1··· ......... ······ 
-Warm 1prmo1 : 
ort!Rhw ktCof h honeMesa,weet .•.... -······ ......................... . 
o oo r k, Lander County. 
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0 Warm springs-Continued. 
On White River, in Sierra Valley, ...... - -- .. -· · • •· • • • • • •····· •··· ·· •····· 
20 miles northeast of Butter• 
:field, Nye County . . 
South of Sonoma Rang;e, Hum ........••..••. •··· • •·· -····· ·••••· •••••· 
boldt County. 
On west side of King River Valley, ····· ··· 76-80 
_Humboldt County. 
Eight miles southwest of Camp ...•.......... •······ · •················· 
Halleck, Elko County. . 
AtHiko, Lincoln County....................... 90 .•••...••• .• .••••. 
In Pahrimp Valley, Lincoln County ....•....... - . . - • • • • • • • • • • • • · · • • · · - • • • • · 
West of Roberts Mountains, Eu- ........•......• •...•. •················· 
reka County. 
Northwest of Tecoma, Elko Co ....•.....••..••. •··· ; ··· •·············~··· 
South of Alkali Lake, Reese River ........•.•••..••.•• •. • •• • • · •· • • •· •• • • • · 
Valley, Lander County. 
On west side of Warm Spring Val- .. ......•..•.. -... - .. - • •·· •· ·••••· •····· 
ley, Nye County. 
At north end of Grass Valley, . . . . . . . ...... - .•. .. • •. • • • • • • · • • • · • • • • • • • 
Lander Co1mty. 
In Storey County, 10 or 12 miles . ....... - .... . 73 
south of Wadsworth, 
At north end of Carico Valley, ............•.......•. • •················ 
Lander County. 
At-east side of Sonoma Mountain!!, ......... .. . • . . .•..••. • • • • • -•· • • •· •·· • •· 
Humboldt County. 
In Fish Spring; Valley, southeast ....................•. ······ ·••••·•••••· 
of Danville, Nye County. 
Six miles north of Hot Springs, ...................... • • • • ••· • • • • • • • • • • • 
Smith's <.:reek Valley, Clmrchill 
County, 
In Ash Meadows, '.N°ye County . . . . . . . . . . . . . .. . . . 81. 6 ..... . ........... . 
At north end of White Pine Val- ...... . ...... . ...... - - ..... - . •·. - -•·· •.. 
ley, White Pine County. 
West of Fish Creek Range, Lander 4..... .. . . . . . .. • . 140 -... - ....... - .......... . 
County. 
Warm Sulphur Springs, south end of ...........•.... - ..... • •· • • · •··· • • •··· •· 
Remarks. 
prin~ Valloy, White Pine County, 
Whelan's White Sulphur and Mineral 
Springs, Pine Vallev, 12milesnorth 
of M.ineral Hill, Eureka County. 
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Analyses of mineral sprir,.gs in Nevada. 
Larger Soda Lake, near Ragtown. 
Ward's Hot Spit,ings Jlot water 
-----,----~----I Hot Springs, at from 










The States of the Pacific coast are remarkable for the number of their 
mineral springs, especially of hot and warm springs, and California 
stands at the head of the list, having probably more localities than any 
other State, east or west. Our table does not give the total number of 
individual springs, since complete reports have been received from com-
paratively few of the localities included. The s.prings are classified as 
sulphureted, carbonated, alkaline, saline, chalybeate, and acid. Nat-
uraJly many of the springs are thermal, for the volcanic rocks with 
which such springs are usually associated are found in many portions 
of the State. A large number of the California spring are improved 
and utilized as places of resort, being visited by thou ands of people 
annually. Many, however, are comparatively inacces ible, and are 
therefore little known. The best known spring are probably the Gey-
er Spring of Sonoma County, which are really a collection of fuma-
role , olfatara , and boiling pring . There are nearl a dozen localitie 
at which the water are put up for ale and hipment. 
The Ii t of pring gi n h re ha b en compiled from variou ourc 
Tb r port of Dr. F. W. Ilatch, in the Sixth Report of th tate Board 
of H al h, for I o, and variou hand-book (among th m Truman' 
Illu. trat 'uid and . H. Chitt nden' H alth and Pl a ur R · 
f th ifi ·t) ha b n drawn u1 on in it pr paratio · 
, b r port of the t te mineralogi t H ::c. H n · 
(330) 
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Whitney's geological reports, and the various Government geological 
publications have b~en consulted, and all this has been supplemented by 
reference to the various maps of the State. For the northern portion ot 
the State many additional liata, that have never been published, have 
been obtained from Mr. Gilbert Thompson, Mr. Mark B. Kerr, and Mr. 
Eugene Ricksecker, of the United States Geological Survey, who have 
worked in that section of the State recently. Dr. W. J. Hoffman and 
Mr. I. C. Russell have kindly given information as to other parts of the 
State. 
Mineral aprings of California. 
Name and location. 
.Adams Spring, 2 miles from Cobb's 
Valley, 8 miles south of Clear Lake, 
Lake County. 
1Etna Springs, 16 miles northeast frem 
Saint Helena, Napa County. 
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2+ 98-106 ............ do ......... .. 
Alkali springs: 
In north end of Mono County. . .............................. .. ........... . 
Eiglit miles northwest of Quincy, . . . . . . . • . . . . • . . • • . . .. . Alkaline, car. 
Plumas County. bonated. 
One mile above mouth of Spanish .......................... do ....•.•.... · 
.Alkali~~ez~\~flumas County. 
l!'ifteen miles southwest of Alturas, ....................................... . 
Modoc County. 
Near Clear Lake, Lake County ............................................. . 
.Alabaster Cave Spring, El Dorado Co ........................ . ................. . 
.A~ae~~i~:j:~. Springs, Alameda Co., ............... . ..... _ ......... _ ....... . 
..A.lien Springs, near head of Cache Creek 5 50 ! Alkaline, saline, 
Allen Springs, Lake Co. ' andchalybeate . 





San .Jose, Santa Clara County. reteu . 
.Anderson's Springs, Lake County, 19 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Resort to limited 
miles north of Cali11toga. extent . 
.Agua Caliente, in Coahuila or Cabezon . . . . . . . . . . . . .. 100. 4 ................ .. 
Valley, 10 miles south of White River, 
San Diego County. \ 
.Agua Caliente, ilO miles from Calient~ . .. ... . . . . . ... 80 Thermal. ...... . 
Station, Kem Count~·. I 
.A.rrow~ead Hot Spring~,h~arSan Ber ....•.. 140-210 . .•...•.............•..•.. Probably same as 
narilin<?, San Ber~ardmo County. San Bernardino . 
.A.zule Mineral Sprmgs, 12 miles west of 3 250 . . . . . • • . . ........... .. .... Used commercially 
San Jose, Santa Clara County. · 
Bartlett Springs, near head of Cache 2+ .••...•. Cold . . Alkaline, saline Used commercially 
Creek, Bartlett Springs, Lake County. and as a resort. 
Bear Valle.v Hot Springs, near Bear .......... ... .......................... . 
Lake, north of San Bernardino Peak, 
San Bernardino Countv. 
Berkeley or Summit Soda Springs, 10 
miles south of Summit Station, on 
Central Pacific Railroad, Placer Co. 1 
. . . . . . . . • . . . . . . • .. . • • . Alkaline........ Possibly same as 
Summit Soda 
Bitter Sprin~, 18 miles north of Camp ...... . ................. . .............. . 
Cody. San Bernardino County. 
Black' Lake, 1 mile west of Benton, . . . . . . . . . .. . . . . . . . . . . . Alkaline ....... . 
Mono County. 
lllanck's (Mrs. Lottie) Hot Sulphur ... ......... .............. ..... ... ..... . 
Sprinp:, Colusa. County. 
lloiling Lake, 7 miles south of Lassen's ....... ... . ........... ... .............. . 
Peak, PJumas County. 
lsoiling Springs, east side of Igy Salt .. .... .... ... ... . ...................... . 
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Boiling Sulphur Springs, northwest of ................................ • • • · · · · · 
Long Valley, South Branch of Owen's 
River, Mono County. 
Bonanza Springs, 1¼ miles from Howard 
Sprin~s, Lake County. 
3 •••••••.•••••••• Sulphureted, 
. ............. ········ ·--~~~!.~~~~~: ... , Borax ] lat Springs, near intersection of 
117° 15' and 35° 45', San Bernardino Co. 
Borax Marsh Springs, 8 miles southeast .•••••.•••••••.•••••••.••••. -··· ~ -· •••• 
of Hawley's Station, San Bernardino 
County. . 
Borax Patch Springs, near Black Ranch, 
near Central Pacific Railroad, San 
Bernardino Conntv. 
Boyd's Hot Spri.Dgs, Surprise Valley, 
on ea1:1t side of Upper .Alkali Lake, 
Modoc County. 
Bran beck's .::iprings, east side of Honey 
Lake, Lassen County. 
Resort. 
Byron Spring, l mile from Byron Sta-
tion, Contra Costa County. 
_·_·_·_·_·_· _·_·_·_·_·_·_·_·{~;;}•1.{.:i.·~~:;::·:-·/ 
i 1 .••..•• , to reted, and car- Do. 
S , 135 bonated . 
California Seltzer Spring, Mendocino 
County. 
Calistoga Hot Springs, Calistoga, 9 miles 
.•• • • . . • •• • • • · /·....... .Alkaline, car• Do. 
. bonated. 
20 97 Saline . . • . . . . . • . Once a resort. 
south of Saint Belena, Napa County .. 
Campbell's Springs (1), Sierra County ...........•..••................• - - • - • - • • • · 
Campo Chalybeate Spring...... . . ... ........... : .•......................••• - . 
Carbonated SprinJZ', north part of Siski• . ·..... . . • . . . . . . . . . . . • . • ..•...•.•..• - - • • 
ka . 
yQu County, on Shovel Creek Road. 
Castalian Mineral Water (Owen's Lake 1) 13 . • • • • • • . Cold.. .Allraline, snl• Usedcommerciall.Y 
Inyo County. phureted. and as a resort. 
CastleRockSprin_gs, near :\fount Shasta, . . . . . . . • • . . • • . . . . . . . • . Snlphnreted .•.. 
Shasta County. I · 
Ohalybeate sprin_qs: / 
'.l.'wo miles from Tom's Head Mount• ..•.......••...•...........•....•. •··· · • 
ain, Tehama County. 
Northwest of .Fort Crook, on branch ....................................... .. 
of Bear Crr•ek, near head of Falls 
River, Shasta Connty. 
Coal Valley Eoil in:; ::lprings, 8 miles ..........•.•..••.•••........•...•.••••. 
west of Canby, Modoc County. 
Lassen's Peak, Plumas County. 
Cold Fioda Lake and Hot Springs, head . . . . . . . . . . . . . . . . . .. • . . . ..••....•.••••• • 1 
of Mill and Battle Creeks, south of 
Cook's Springs, Indian Valley, Colusa Co. . • . • • . . . . . . . . . . . • . . . . . Snlphureted, &c. 
Crystal i,PrinJZS (1), Napa County . ...... ...................••.... .. ..•......... 
Crystal Springs, San Mateo County..... . . • . . . . • • . . . . . . . . . . . . . .Alkaline...... .. ed.. 
De Luz Hot Springs, near Oceanside, . • • • . . . . • . . • • . . • • . . • • . . . . . . . . • . . • . . . . . . . Unimprov 
San Dieµo Count.v. I 
Desert or Cave Spring, Kern County .. . ..... .. .... , . . . . • • . . . . . Borax spring, aJ. 
· kaline. 
Dr. Soupan's Hot Sulphur Spring, . • . . . . . • • . . . . . . . • . . . . . Snlphnret,ed .... 
branch of Battle Creek, at head of 
road, Plumas County. 
El Paso c1e Robles Hot and Cold Sul• t 5 llO 581~phnret;J~:!' ;l.Resort. pbar 'prings, San Luis Obi, po Co. J 5 · •······ t i1o 1~ 1fbe~a: 5 
Fresuo Hot prings, near Wnrtban, . .. . . . . . • . . . . . . . . . . . . . .......•. •· · · · · · · 
Fresno ountv. 
Fry's Soda , pr.ing, n ar line of haeta ............. . 
County, , iskiyon County. 
FultoJ? Wells, 3 mil s north of "'orwalk Gey;~~:~• Los Angeles County. 2 
52 Alkaline, car• 
bonated. 
nlJ?hureted .•.. 
... ar mouth of Willow and Warner ......... ...•........ ... .. •· • · · · · · ·••••• 
'r ek , PJoma Coant:,. 
In xtr ·me w t rn enil of Long ........•..... ........... • • • · · · · · · · ··•• · 
V:illey, on , ontb Branch of Owen's 
l n· r, fono nnty. 
n J>Jnton , 'r k, north a t part of 
uom County. 
0 1~i/rln • Y r prin~., Sonoma 
l············I~} 
30 f J. 000 I 212 
(332) 
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.lfineral spriH-gs of California-Continued. 
Name and location. 
Geyser Soda Spring, Litton's Station, 
Sonoma County.I 
Gilroy Hot Sprinizs, 9 miles northeast 





























Character of the 
water. 
Glen .Alpine Mineral Sprinizs, near Fall-
ing Leaf Lake, south of Lake Tahoe, 
El Dorado County. 
-Gordon's Spring, Lake County ....... -............. - . . - - • • • • • • • - • · · · · · · · - · · - · - · 




and as a resort. 
Resort. 
Harbin Springs, Lake County, 20 miles { S \18 } Saline, sulphu- l Do 




reted. 5 ' 
HatchinhamaLake,4miles west of Borax .... .. . • . . . .• . ....... .Alkaline. - •.. - . . 
Lake,southeastofCli1ar Lake,LakeCo. 
Hensley'R Mineral Springs, Tehama Co .............. _. . . . . . . . . Chalybeate .. - . 
Hibbs's Soda Springs, 62 miles north of . .. . . .. . . ..... - .. . . ............ -....... - . - - - - - • • - · - · 
Redding, Shasta County. 
Highland Springs, Highland Springs, i S 6tO } Alk 1· 
Lake County. \ 10 · · · · · - · · { 
8
~ a me · · · · · - - · 
Hip:h Rock Spring, 9 miles east of Honey 
······ . --····· 100 ··--·. ·····- ...•.• Lake, Lassen County. 
Hot Borate Spring, near Lakeport, Lake 18,000 . • . . . . . . Alkaline, saline. County. 
Hot M u<l Springs, on Shovel Creek, near . . . . . . . . . . . . . . . . . . . . . . Sulphureted .... 
the State line, Siskiyou County. 
Hot springs: 
Two miles north of Fort Bidwell, . . . . . . . . . . . . . . . .•. . - - ............. --. • •. Modoc County. 
In Surprise Valley, east side of Mid- ... _ ... __ .... . 180 .... . .........• - .. 
rlle Alkali Lake, opposite Cedar-
ville, Modoc County. 
Threemileseastot'Canby, Modoc Co ........••.... . ............ do .......... . 
On east side of Middle Alkali Lake, .......••.. · ............... . •••• •...•. - - . 
7 miles southeast of Cedarville, 
Modoc County. 
At base of Warner range, south end . . .......••.....••.. . . .. .. .............. 
of Lower .Alkali Lake, Modoc Co. 
On west side of Lower .Alkali Lake, . . . . . . . __ . . • . . . .•.................•.•... Modoc County. 
Between Upper and Middle .Alkali ..•...............•....••....•.....•.••. Lakes, Modoc County. 
Ninetol3miles northwestof Bridge- .........•......•............... ...••••. port, Mono Count,y. 
One and a half miles southeast of .. .. .... _ ..•.... _ . .•.............•...••• Bridgeport, Mono County. 
Near Benton, Mono County . .. ... .......... . _ ... __ . 138 .•..• ...•....••••. 
In Long Valley, 5 miles east of Gey- ......... .. •............. •. .... •..•••••• ser, Mono Connt:v. 
On east side of Hot Spring Cove, . . . . . . . . • . . . • . 110 
Paohaisland, Mono Lake, Mono Co. 
In0 fM!r{~r e~~ll~.ty, in valley west ....... _ ....... __ ... • . .• _ •...•• ...•. •.• 
Four miles south of Bear Valley, Co- ...•....................•••........•.•.. • lusa County. 
On east and west sides of Owen's .. ....... ... ....• ..••.....•........•.•. . 
River, in valley south of Bishop's 
Creek, Inyo County. 
Six miles west of Panamint, Inyo Co .. ................ . ...... ........... -- .. . 
• On ..A.rmap:osa Creek, west of Dry .•..•....... _ ..• _. . . . . . ....... - . -• • • • • -• Salt Lake, Inyo County. 
Se~en miles southwest of Kcrn-rille ...•........................... - .. · -· · · · 
and 5 miles northwest of Havilah, 
Kern Countv. 
South of Rafael Peak, Ventura Co... . . .. .. . . . . . . . . 195 .......•. - - - · ·•• - · 
Five miles south of Santa Barbara, } S\~ l Sulphu.reted .. _. 
Santa Barbara County. · · · · · · · · · · · · { 118 5 
.Head of Warner's Creek, southeast ...... ..... __ . ...... -.. --• • · · -· - · · · · - · · · 
of Lassen's Peak, Plumas County. 
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Hot springs-Cont~nued. o Near bead of Battle Creek, south of . • • • • . . . . . . . . . 85 •••••• • • • • • • • • · • • · 
Lake Canon, Plumas County. In Plumas County . . . . . . . • . . . . . . . . . . . . • • • . . . . . . . . . . . . . . • . . Sulphnreted,car• bonated.7 
At bend of San Jacinto Rh·er, in ••••••..•......••..•.. ...•.. •· • •·· · -·· •· 
northwest part of San Diego Co. 
Betwetn Clear Creek and Pitt River, 
near Big Valh,y or Bieber, Lassen 
County. 
Ten or 12 miles northeast of San 
Juan Capistrano, Los Angeles Co. 
Seven miles below Kernville, near 
2 ............ -··· .......••... •••••• 
} ........... { :i} ······ ······ ······ 
.•.. . .•. . . . 127 Sulphureted . ... 
Kern River, Kern County. On snmmit of .Mount Sba~ta, Si ski- . •. • . . . . . . . . . . 180 .••. do ......... • • 
you Couutv. I rt. Hough's Spring, Hough Springs.Lake Co. . . . . . . . . . . . . . . Cold . . . . . • . . . . • . . • • . . . Reso 
How~rd ~prini:rs, 3 miles from Adams t 
14 
S t58 i Saline, cbalyb- ! Do. 
Spnng, Lake l;om1ty. 5 · • • · · • • · { l~9 5 eate, &c. · .5 
Iron Spring, 2 miles north of Tom's . . . . . . . . • . . . . . . . . . . . . . ..•••.•.•....• • • -
Head Mountain, Tehama Count,y. i'.ane's Spring, St,anislaus County . ...... . .... _ . . . . . . . . . .. . ... .. .........••.•. •.. 
ane Mineral Springs, Calaveras Co. . . . . . . . . . ...... • • • • • • • • • • · · · · · · · · • · • · • • • • • Uo, ed locally. 
Las Cruces Hot Sulphnt· Sp1ing-, 42 miles 1 500 90 Sulphureted . . . ~ 
from Santa Barbara, Sa,ntaBarbara Co. 
Little Geysers, 3 or 4 miles below the t S 
190 
} Geysers, Sonoma County. 5 · • • · · • • • · • • · ( 2~0 · • • • · · · · · • • · · • · • · · 
Litton's Seltzer Spring, Litton's Station, 1 20 Carbonated, al· Used commerciallY 
near Healdsburg, Sonoma County. kaline. and as a resort. 
Little Yosemite Soda Springs, :ffortb 52 Carbonated and 
Fork of Kern River, Tulare County. obalybeate. 
Lower Soda Spring, in Sacramento Val- . .• . . . . .• • . . . . . •. • • . • . Carbonated . .. . . 
le,v, opposite mouth of Castle Creek, 
Shasta County. 
Madrone Mineral Spring, 6 miles north 
of Gil~oy ,Ho~ Sprfo1,1;s, Santa Clara Co. 
. ..................... .... do .... . ...... Resort. 
Used commerc.jalJy 
Magnet"Ic Sprrngs,1 near Watsonville, ........••.............••••••••••....... 
Santa Cruz County. 90 . • • • . . • • Thermal, snl• 
Resort. 
Mark West, Springs, America, on Mark 
West Creek, Sonoma County. 
10 
MatilijaHotSprings, 6 miles from Nord- t 28 
hoff", Ventura County. 5 
Mineral Spring of Grizzly Caiion, Lake 
County, near Wilbur Springs. 
pboretoo, and 
obalybeate. 
8, ooo+ { li } Sulpho.reted .... 
········ ···· ··· ·················· I 
......... ........ . . -. --.. -- .. -....... . 
Do. 
McCarthy's Hot Springs, near Day's 
ranch, northeast of Fort Crook, ~has• 
ta County. 
Mills's Mineral Springs, 1 mile above 
Anderson's Springs, Lake Connty. 
4 ·•••·••· 
170 
Saline, sulpha• Used IocallY as • 
reted. resort 
Mineral 11prin[J8: Twelve miles north of Wigginsville, .. ..............••......•.. • . • • • • • · · · · · · 
Siskiyou County. · ed. On east Alope of Mount Shasta, Sis- .. ... : . . . . • . . . Cold Cbalybeate . . . . . UniJDPIO'" • 
kiyou C01rntv. West of Bu_ttei-ille, Si!lkiyou County ......... ................ • • • • 
On :mountam, near Silver Lake, .Al- .•.••...•...•......... •. • • • • •··· • · •••• • • 
purn County. In , alt. ."ptinf! Valley, Calavera Co . ........ ..... ........... • • • • • • • · · · · ·· · · · 
WeAt, bore of Mono Lake, Mono Co . . . . . . . . . . . . . . Calcic ........... • • •· • · · 
On Encino ranch, Los .angeles Co . ...•.••. 83 to ff1 • • • • • • • • Alkaline, car-bonated-
92 ····· ·· · ······ ······ ······ 
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0 Mud aprings: 
Fifteen miles northear,t of Honey ....................................... . 
Lake, Lassen County. 
On Antelope Creek, 10 miles east of 
Red Bluff, Tehama County. 
Xapa Soda Springs, 7 miles from Napa 
City, Napa County. 
27 68 Carbonated, sa-
line. 
Used commercially 
and as a resort. 
~ewsom's.A.noyoGrandeWarm Springs, 1 { 40 } 
2 miles from Arroyo Grande, San Luis 3+ 49, 0001 to Sulphureted . . . . Resort. 
Obispo Count.,. 100 
Owen'sLakP, south end of Owen's Val- ...... ......... .. ... Alkaline ....... . 
lev. Inyo County. 
Pacific Congress Springs, 12 miles west ............•. 
of San Jose, Santa Clara County. 





and as a resort. 
Paraifio Spring, Paraiso Springs, 7 miles . . . . . . . . . . . . . 118 
oathot Soledad, Monterey Uounty. 
Saline .. _ .... _.. Reaort. 
Pearson's prings, 1 mile west of Wit-
tcr's Spring, Lake County. 
Petroleum Spring, west shore of Hot ............ .. 
Sp,ing Co~e, on island of Paob.a. Mono 
5 --···-·· Cold 
96 
Alkaline. sul- Small resort. 
phureted. 
Lake, Mono County. · 
Piedmont White Sulphur Springs, 3 ............................. __ .. _ •• ___ . 
miles from Oakland, Alameda County. 
'alt Lake, east of Geyser, in Long Va.l- .................. _ ......... _____ ., ____ . 
ley, Mono County. 
Salt -ilorings: 
ortb of Inyo range, east of Black ........... _ •.. ___ ..... __ . _. -···· •••• __ _ 
Mountain, Inyo County. 
East side Panamint ValleyJ Inyo Co ....... ···-·· .. ·--··· .... "-----····- _____ _ 
E-gbt miles south of benn of Fur- ......... _ .. _. ·- ............ -···-- -··· __ 
nace Creek, east side of Death's 
Valley, Inyo County. 
Near .Armagosa Mines, San Bernar- ...... ____ ............ _________________ _ 
diuo County. ' 
On Sn it Creek, Tehama County ......................... _______________ ·····-
Norlbeast of PatterF10n's Pass, Ala- ··-·-· ______ .. ____ .. __ ...... ______ •••••• 
meda County. 
On south sideof Mokelumne River, 6 . ___ ••. _____ •. ____ -· •. ______ ·-----·····-
miles south of Silver Lake, Calav-
eras County. 
Eighty miles from Red Bluff; on ... _ ........ _ ........... _. _. ___________ _ 
Branch of Stony Creek, TrinityCo . 
Salt Wells, in Salt Wells Valle.v, be- .............. ···--· .. ···-- ,. _____ -··--· 
tween Borax: Flats ancl Indian Wells, 
an Bernardino County. 
an B rnardino Hot ~rings, north of } 1108 } 






Calcic ..... _. __ . 
County . 
. an Marcos Sulphur Springs, 7 miles ....... ... ............ ... .............. . 
north<vest of Santa Barbara, Santa 
Barbara County. , 
San Rafael prings, San Rafael, Marin . ...................................... . 
County. 
anta. Barbara Ilot Sulphur Springs, 6 } 1112 } 
milt's from Santa Bal'bara. in Santa 7 to S l h t cl U d 1 lly 
Ynez Mountains, Santa Barbara Co. · · · · · --- 117 u P ure e ·. · · · se oca • 
Saratoga pring, south rod of Funeral . . . . . . . . . . .. . . . ... . . . . . Thermal. ...... . 
Range, south of Death Valley, Inyo 
County. 
Seigler , prings, near Adams Spring, .. ......... _.. . . . . . . . . Chalybeate .• _. _ Resort. 
Lake County. 
bafer's Hot Spring11, north end of ...... . ..... _. 210 ____ ............. . 
HPnry Lak , La,~en Countv. 
immonfJ'sJl.otSulphnr pring11, Sulphur 
Canon, near Wilbur Springs, Colusa Co. 
,'kag,i- 's Hot ~prinirs, 6 or 8 miles from l a+I 
Gtiy erv11lt-",, onoma County. 5 
• oda Lako in , alino Flats, on Mo.Jave 
Ri\·er,, ·an B(•rnanlino County . 
• ooa Pond, uort b of' Salt Lake, in Long 
Valley, 'Mono County. 
170 
1128} 900 to 140 
(335) 
Sulphureted . . . . Has a local reputa-
tion. 
Carbonated . . . . . Used commercially 
and as a resort. 
MINERAL SPRINGS OF THE UNITED STATES. 
BL'LL.32, 
Mineral sp~ings of California- Continued. 
,i, fi, · J-< 
b.C ~ -a .s ,n ~ ;. .. 
i::i.. 0 ~ 
Ill ~ ~ I Character of 
the 




~ .s,Q ~ 
.a 
it= 
i::i.. a ; = 0 ~ ~ ~ 
---------
0 
Soda springs: · Eight miles below Salt Springs, east ...... -• - -- - - . -- - • • - - • -· · • · · · • · • · • · • • • • · 
side of Death's Valley, Inyo Co. 
Ei~htmileseastofClearLake, Lake ...•.. -······· .•...••. -················· 
vonnty. On Linkvillu and ;Yreka Road, Sis- .•.•...•. .... ..•. ... .. Alkaline, car-
kiyou County. bonated. 
AtSodaBar,2milesfromOregonline, ..••.. .•........•......... do--········· 
Siskiyou CounLy. Southwest of Volcano Sprinis, San ........ - -- - - - -- - -· • · · · · · · · · · • • • • • · - • • • · 
Diego County. 
East of Volcano Springs, San Diego 
County . .A.t Forks of McCloud River, Shasta . ___ ........ - .. - - . . • . . Alkaline, car-
Count,y. bonated. 
East of Lower Soda Springs, on .---·· ..•..... - -- ··-·· .... do·-·····---· 
·branch of McCloud River, Shasta 
County. · 
·On Sacramento River, Siskiyou Co., -··-·· ---···· · 
near Shasta County line. Three miles northeast of Little Shae- .•. _ ....... - -.. - - . . . . . -- - . do • • · - • --- · - · 
ta, Siskiyou Countv. NinemileswestofTuolumneRiver, .•.... ·-······ -····-·· .... OQ ---------·-
west of Mono Pass, Tuolumne Co. 
Springs of Dos Palmas, in Coahnila Val- . -- . _ .. -- ..... 
ley, San Die~o County. Steamboat Springs, southfast of Las- ... ......... -.. - - • - - - • • -- - · - · - · · · · · · · - · · 
sen's Peak, Plum~s County. Stewart's Hot Springs, in Warm Spring ···- ·· ........ -····--· - ----------· ·••••• 
Valley, Modoc County . 
. Sulphur springs: Four miles southwest of Tom's Head ··-· ... -- .. -- .. --·· ... ---·-· •·-··- ---·-· 
Mountain, Tehama County. 
West of San Fernando Peak, Ven- ---··· -····--· -------· •··-··--···----·-· 
t~ac~ • 
Seven or eight miles east of Wat- ..•..•..... - . - -·-··- - - --···· ------ ·····-
sonville, Santa Cruz County. I · On Brown's Creek, Shasta County, . - -..... - . -••.. - - .. - - . • --• • · · · - · · • • · · - - · 
southeast of Douglass City. • 
On South Branch of West Fork of ...... ·····--· ---····· -----· --------··-· 
Sacramento. Shasta County. 
Few miles above mouth of Castle ...... -····-·· ·····--· -------····--··--· 
Creek, Shasta County. In Black Canon, 3 miles north of Can- ... - ... - - •. - - ... -..... --• - • • • --- • - • • -• • · 
bv, Modoc County. Thirty miles south of Tulare Lake ··-- .. ·--· .... ·-· .• -- . ---· •-- ··· ---·· ·-· 
a11d 1 mile northwest of Buena 
Vista Lake, Keru County. Eight or ten ruiles west of south end . ____ . . . . . . . . . . . . . . . . . Saline. ----- - · -· · 
of Tulare Lake, Kern County. On south side of San Fernando . _____ ............. - -- --· - - · •·· · · · · ·-· · · 
Mountain, Lo'3 Angeles Comny. Eight miles north ol' Black Butte, ........ ..... . .... ··-· -····· •····· ___ J •• 
southern part of Shasta Valley, Sis-
kiyou County. Seven wiles north of county line, .... _ ............ -. - •. • - • • · · • · · · · · · -- • -· 
Montere.v County, 20 mile11 frow 
San Miguel Mission. In Mohawk Yalle,v, Plumas County ........ .. ...... -······· ·-······· ······· ·· 
Near Dry Lake, 15 miles northwest ... ........ --· -- -·. • • • · · · ······- · · ···-- · 
of Camp Cody, an Bernardino Co. Northeast of ·an Luis Mountain , ......... . ......... - .......... • • • • • ·· -- ·1 
an ~uis Obi!ip0 8ounty. Ten. mil s 001-tbrast f , 110 Mi~nel ........... --· .... --·· • · · · · · · ·· · · · ···· · · 
_M1s!!!0ll, lln Luis Ol>iRJJ0 County. · 
1x mil ·s i-;onth of McCorn1ick's ...•...... ---· ......•. ' ····· ----······-·· 
w 11, in U R_Prt V11llf-.v, Inyo C'o. outb of R .. uu~ :priua;, Iu:vo Co ..........•... • - • • •·· -·· · · · · ·· · · · · · · ...... . 
, .omruit, o,la ' prin;! . nPnr od1t p1io s ........ . ..••. Cold .. Alkalin • · 
, tnt100. !pin (;ouuty (1). bonat d. 
To.ho or 'orn Jinn :prinJ? , on Lak Ta- ...•.. . . . . . . . . 131 -·· • • - -·· ·· · ···••· 
, bo • n · r , t t Jin•, Pincer 'ountY. 
T ~.,ra IIot , pring , b d of Arro ·o ............... -·, · · · · · · · - · · ·· · · · · · ·- .. . 
o, Monter• County. 
52 •••. do ....•...••. 
82 Saline--------··· 
(336) 
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Thermal Acid SprinJ?S, in Coso Range, ...... ............ ····--·· ·············-----12 miles east of Little Owen's Lake, 
Inyo County. 
Thermal springs: 
On Battle Creek, 5 miles above Mor- ....... -······· ......... .................. gan's Ranch, Pluma!'! Count)j 
On Owen's River, opposite lack ...... ---····· ......... --········-······· Rock, Inyo County. 
Near mines of Darwin, Inyo County ...... ········ ·····--· ·---------········ Ten miles east of Telescope Peak, 
Inyo County. 
Alkaline, Used commercially Tolenas Sprinii;s, 5 miles north of Suisun 19 600+ 65 car-
City, Solano County. bonated. and as a local re. 
sort. 
Tule River Soda Springs, South Fork of ...... ······-- .. ......... .... do .......•... TuleRiver, east of Portersville, Tulare 
County. 
Tuscon or Lick Springs, 9 or 10 miles } . ....... { 66 } Saline, sulphu-} 3+ to Local resort. northeast of Red Bluff, Tehama Co. 80 reted. 
Ukiah Vichy Springs, 32 miles from 
~ .... ········ I 81 } Cloverdale, 2 miles from Uldah, Men- to Carbonated ..... Resort. docino County. 90 
Vallejo Sulphur Springs, Vallejo, So- }--·· .. · ...... { 80 } lano County. to . .................... 90 
Vichy Ssrings of New Almaden, Santa ······ ······-· ----·--· Alkaline, car- Do. Clara ounty, 50 miles sonth of San bonated. Francisco. -
Volcanic Springs, near Volcano Station, ······ . --...... ---···-· ·---······--·-···· Southern Pacific Railroad, San Diego 
County. 
Warm springs: 
Near head of Walker's Basin, Kern ...... ........ 100 ---·-----·--······ County. 
In Warm Spring Valley, 10 miles -----· .......... -------· ·--- .......... ···- .. west of Alturas, Modoc County. 
On east side Pit River, on Hot Creek, ··-··· ---····· ........ ·····-· .. -······---north of Round Valley, Modoc Co. 
Twelve miles southwest of Camp ....... ---····· ··-·---- --------····-··---Vodt, San Bernardino County. 
Near ittleOwen's Lake ...•.•...... 1 ··-····· .......... Alkaline .....••. Nine miles from Amargosa mines, ....... . ................... 
Inyo or San iernardino County. 
Southwest of ittville, Lassen Co ... ········---·-···-· Warm Sulphur ~rings, near Simms -·······-·-·····--Valley, on Posa reek, Kern County. 
Warner's Ranch Spring (A~ua Cal-
}-··· L;2} Sulphureted •.... iente), 30 miles from San Diego, San 1, 4007 Local resort. Diego Cotmty. 
Waterman's Springs, i mile west of Ar- ······ ......... ........... ·····--·-·····--·-- Private. rowhead, San Bernardino County. 
White ~hur ,rarings: 
{8!~0} 
In apa alley, 2½ miles south of } 9 ····---- Sulphureted ..... Resort. Saint H~lena, Napa, County. 
Two miles north of Plymouth, Ama- ...... . ····-··· ........ ..................... dor County. 
At edp:e of Panamint Range, 12 miles ....... .. ........ ......... .......... . ........... 
north of Panamint, InOo County. 
In Santa Rosa, Sonoma 'ounty . .... ···"• ........... ........ . -. --... -.. ---.. -. In Bear Gulch, west or southwest ...... . ........... ........ . ................... 
of Red Bluff, Tehama County. 
Wilbur S8rings, 30 miles from Colusa., .. .... . ·· -···· . ---····· Sulphureted . .... Has a. local reputa. Colu.<Ja 'ounty. tion. 
Witt£>r's Springs, 5 milea from· U.f/er ···-- . ·····-·· Cold .. Su 1 p h u re t ed. Small resort. Lake, 3 miles from Blue Lake, ake cbalybeate. 
County. 
Zem Zein Springs, southeast of Clear ..... . ......... 64 Saline 1. •••••.••. 
LGke, Lake County. 
Bull. 32-14 
(337) 
210 MINER.AL SPRINGS OF THE UNITED ST.ATES. 
Analyses of-mineral springs in California. 
Castalian California / Calisr~ga 
Spring. Springs. Water. Spring. Sprin °s. 
Constituents. .A.dams 1Etna Mineral Seltzer I Ho 
Grains Grains Grains Grains GTain.1 
. . per gallon.• per gallon.b per ga~on.• per gallon.• per gallon.• 
Sodmm carbonate............. 57. 04 75 1,724.11 . •• . .•.... . . . . 3.41 
Sodium bicarbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 53. 20 .•••••. - - · .. . . 
Magnesium carbonate......... 99. 02 14 ..•.••..... • • . 45. 20 ..• • • • • · • · ... . 
Calcium carbonate . . . . . . . •• . . . 28. 71 10 . . . . • . . . • . . . • . 70. 40 .•. . • • • • · • ... . 
Iron carbonate . . . . . . • . . . . . . . . . o. 52 . • • . . . . . . . . . . . . • . . . . . . . . . . . . Trace . ..• •. • • • · ···· 
iotu~sulphr~·c·········--·············· 08 651.02 .......... ............. jjj 
~~fi;![rilr!~~~~~:::::::::: :::::::::: :::: ::::::::::: ::: :::::: :ii.:ii:: : :: : :: : :::: ::: 0•41 
Sodium chloride............... 4.11 29 1,840.72 ·······i1:20 .. ·········22.·25 
Potassium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 132. 30 ..••........... • • • • • • • • · · • .. 
C~lcium chloride ............................ . ......•.........•.......• _ ..• _ ...... .... 
1 
3. 26 
~;1r~i~::::: ::::: :::::: :::::: ::::::: :::: ::: :::: :: \:: =:: ..... }~;~;-· ::: : :~::::: ::: :::: :: : :;;i~~ 
Silica . . . . . . . . . . . . . . . . .. . . . . • . . 7, 22 Trace 14. 28 Trace 6. 5-0 
llit!!I" ii!//!! iii/ii!!;;;;;: tJ/:: :!!!!!!;;;ii ii ::: : :: i/;· ·//ti/ 1.-_;·\;;rt;:::;; 
Total............ . ....... 199. 43 136 4,422. 25 186. 00 /--~ 
Thermal El Paso De Robles Springs . 
Constituents. .A.cid Springs, Springs of Fulton Wells. Coso Dos Palmas. Hot Sulphur Mud Spring. 
Range. Spring. 
1 . Total..... .. ............. 272. 7 294. 4 
====6===d====J====·=== 
93. 44 
-:ri:;~~;, ,:,:,,;{::--,~::: ::::: :/:::::::::::::: : : : ::: : : : : : : : : 
: l'bom "Pric , anal st. 
• ·~· ~\. D. 11 r, 11. nlr11t. 
lbom Plicc, analyst (1880). 
'F. A. B w r (7), nnaly t. 
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Grains Grains Grains Grains 
per gallon. per gallon.a per gallon,b per gallon.• 
Sodium carbonate ................ ; . . . . • . . . . . . 50. 88 . • • . . • . . . . . . . . . . . . . . . . . . . ............ . 
Sodium bicarbonate...... . . . . . . . . . . . . . . . . . . . . . • . . . . . .. . . . 23 .. 48 · 76. 9.6 13. 12 
Magnesium carbonate . . . . . . . . . . . . . . . . .. . .. . . 77. 20 . - - ........ - ......... - . - .. - . 26.12 
~~~fu0::~~r~~;a:~~~~~~-: :::: ::::.::::::::::: ...... "ii."60". !: ~~ :::::: :: : : : : :: ......... io." ss 
Iron carbonate... .... . . . . . . . .. . . . • . • • . . . • . • . . . • • • . . . . . . . . . . 3. 80 ..•• -.. - - . - ••..•••••. - - .. - - . 
Iron subcarbonate ....................•.......••..•.........•........... .. ...... - . . . . • . 7. 84 
Ammonium bicarbonate . • . • .. .. .•. .••• •• . . . . .•• . . . . . . . . . . . . .. . . . . . . . . . . . 107. 76 ......... - ... . 
~':J!?::0 s:Jf:1Jf~ :::::: :: :::::::::::::::::::: :::::::::::::: ....... -~--~~- -...... T~~~~ .... -.. -.. --~:~~ 
Sodium biborate . . . .. . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . 103. 29 .......••..... 
Sodium chloride..... ..... . . • . . . . . . • • . . . • . . . . . 90. 88 9. 96 84. 62 5. 20 
Potassium chloride . . . . . . . . . • . . . . . • . . . . . .. . . . 12. 44 • • • • • • . • • . • • • . Trace ........•..••. 
Magnesium chloride ........ -·......... . • . • . . 18. 48 .••.........•.............•....•........ . . 
Magnesium iodide . . . . . . . . . . . . . . • . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 09 .•.........•.. 
~~~:~~~-~-~~~-i~-~::::::::::::::::::::::::: : : : : : : : : : : : : : : '.::::: : : : : : : : : T~~~~- .•.•.• .. •. o." 60 
Silica .. . . . . . . . . .. . . . . • . . . . . . • • • . .. . . . . . .. . . . . . . . . • . . . . .. . . . 1. 80 8. 23 0. 68 
Volatile matter . . . . .. • . . . . . . • • • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . 65. 77 . ... ....•..... 
Carbonic acid................................ 152. 24 . • • . . . • • • . . • • . 36. 37 .......... ... . 
Loss . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . ••••... __ . . . . 0. 32 . . . • . . . . . . . . . . 2. 48 













Total ........ .................... .. ... . 
• Bauer or Price, analyst. 
b Moore, analyst. · 
• L. Lanzwurt, analyst. 
•Bauer (7) , analyst. 
Springs. 
335. 85 432. 64 I 228. 69 214. 81 
(339) 
•Hem·y G. Hanks, analyst. • 
r E. W. Hilgard, analyst. 
, Potassa, lithia, ammonia, alumina, and boracic 
acid included. 
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Dutch I Magic 
----------....,....--1------1------
Grains per Grains per G-raina per PartlJ in 
gallon.• gaUan. a gallon.• 100, 000. 1, t'f um ~arbonate................. 8. 87 12. 72 15. 10 J 20. 97 
gnesmm carbonate............. 20. 67 40. 08 41. 63 16. 02 





i~~::~~1:/:t:bo1!i~:~::::::::::::: Ti~:: Ti~:: ~~;,! ........... . 
Iron carbonate . • . . . . .. . . . . . • • . . • • . o. 92 o. 98 0. 78 Troii!! · · : : : : .. ·~·~ 
Sodium sulphate . . . . . . . . . • . . . • • . . . . .. . . . . . . . . . .. . .. . . . . . . . . . . ..•• - - • · • -- - · 
Sodium chloride................... o. 72 · · 1. 65 1. 28 4. 68 2.93 
f f.f ~~f#~ ;f ii\W!!ii!f: :;;;;)%: )::di!\ !;::;/it\ ;ii/Fh --- ~ . 
Organic matter...... . . . . . . . .. . . . .. Trace Trace Trace ........ - - --
Total....................... . 73. 12 103. 04 101. 79 49. 90 I 
1====~====1=====1°====:=== 
125.M 
Oubic inches. Oubic inches. Oubie inches. Gas. I 
Carbonic acid . . . . . . . . . . . • . . . . . . . . . 212. 20 184. 80 156. 80 In excess In excess 
• 










Sprin,z, Mono Ba• 
south side sin Warm 
of San Fer- Springs. 
nandoMt . 
.............. J 50. 6of "Hiti 
63. 1 23. 87 o. 4631 
21.2 ............ ••••••·•·•·· 






Ca,bonio aoU!. ~~:... . • • . . • • . • • • • •••••••.••••...•.•.•.••••.•••••••••.••.•. I In =< / .•. · · · · · · · · · 
• 'Prof. Ri11ing, nnnlyst. • Oscar Loew, analyst, 1871!. • T. M. Cbatard, anal 
(340) 
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Analyses of n~ineral spfings in California-Continued. 
Santa. Barbara Springs. San Bernardino Springs. 
Co;nstituents. No.1,main 





Parts in Parts in 










Magnesium carbonate . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace Traces 
Calcium carbonate....................... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 7 11. 0 
Iron carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '.!.'race Traces 
Sodium sulphate... .......................... 5. o' Trace 81. 7 80. 2 
~f::ucil~~f:~~~_-_-_-_-_-_-_ ·_-_-_-_-_-_-_: ·.·. ·_-_-_:::::: ......... 8~ 7.. . ....... 7 ~6.. 1~:: Ti~i~: 
Potassa..... . .... .. ... . .. . . . . . . .. . . . . . . . . . . . Trace· Trace ........................ . . . 
Silica ...... ........................ , . . . . . . . . . 4. 2 6. o 20. 5 22. 4 
Carbonic acid . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . Trace Trace 
Sulpho-hydric acid . . . . . . . . . . . . . . . . • . . . . . . . . . Trace Trace 
Calcium . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . • . . . . Trace Trace 
Total ................................. . 
Constituents. 
Total ..•..........•...••..••..•......•. 







38.4 128. 0 127. 0 
A~ua Warm 
Caliente Spring, near Ukiah Vichy 
of Cabezon Little Owen's Springs. 
Valley. Lake. 
39.3 92.1 272. 61 
bJohn Hewson, jr., analyst. 
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Analyses of mineral springs in California-Continued • 
. ' 
White Sulphur Springs, Sain .Jena 
Constituents. Summit Sodaj _____ __,..-----~;-------- --Spring. I 
Spring No. 2. Spring No. 6. Sp Xo.7, 
ga/1,i . Gra. per gall.• Gra. per gall. b Grs. per gal-l. b Gr•-
Sod1um carbonate.......................... 9. 50 ..•............. - ••• - • • - • - • · · - - - - - - - t i! 
Magnesium carbonate • • • • . • • • • • . . • • . . • . . . . 4. 20 o. 62 0. 56 5.~ 
Calcium carbonate ..•• ·•...•.•••.••...•...•. . • • . . . . . . . . . . . 1. 25 2. 44 j 
~alcimp bicarbonate •..•••..••.•..•.•••... ~ 43. 20 ••••••• -8_- 26 -· ······°ii: as·· · ----- 12.81 ~iflri=~l:!iL::::::::::::::::::::::::: :::::::::::::: 1 2. 65 1. 85 u 
Sodium chloride . . • . • • . • • • . . . . • • . . . . • . . . • • . 26. 22 21. 72 23. 41 l4.23 
Calcium chloride.......................... ..••.......... 1. 32 0. 86 ::~ 
i~~1;:::~~~;~t:::::::::::::::::::::: ...... ii~i~ .. :::::::: ~: ;~:: ::: ::: : : ;: ;;: : : : : : : ~:::: :::::: 
t}r~~~:::::: ::: :::::::::::: :::::::: ::: :: : · ~: i: :::: :: :: ::: : : : : ::::::::::::: : : : : : : : = = = :::::: 
42. 67 
__ l)j 
Total . • • • . . . . . . . . • . . • . . . . • • • • . • • . . . . . 88. 68 36. 69 
i====i====t====I===== 
(Jubic -i Oubic inches. Oubic inches. Oubic inches. 
Sulphureted hydrogen •.••. :............... 186. 35 6. 15 4. 25 







Total .. .... .... ..... ... ... .....•..... 58.80 4,422.25 360. 00 
• J. F. Rudolph, analyst. 
b J. Le Conte, analyst (1871). 
• .A.. Cihi, analyst (1871). 
4 Dr. Price, analyst. 
(342) 
• John Hewson,jr., analy t. 
r F. W. Clarke, analyst (1 ). 
ce 
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OREGON. 
Oregon is well supplied with valuable mineral springs, both hot and 
cold. The thermal springs are numerous, and, as in Nevada and Utah, 
are found mainly in connection with ffl,ulted strata. Carbonated springs 
are also frequently found, arid, with alkaline and sulphureted waters, 
comprehend most of the varieties ' found in the State. Chittenden's 
Health and Pleasure Resorts of the Pacific Coast for 1879 contains 
the best list heretofor~ published, but it is not complete for the present 
trme. The present list has been made up mainly from reports obtained 
directly from the localities. Various maps have also been consulted, 
and Mr. Mark B. Kerr and Mr. Eugene Ricksecker have furnished data as 
to springs in the southern counties of the State. A considerable num-
ber of the springs have been improved and are utilized as resorts. 
Name and location. 
Mineral springs of Oregon. 
0 
Character of the 
water. Remarks. 
A arora Saline Springs, 1½ miles west of 2 
Aurora Mills, Marion County. 
600 57 Calcic, saline... Used to some extent as 
a resort. 
Belknap Hot Springs, near McKinzie 7 1, 260 
Brid~e, Lane Uounty. 
184 .................. Resort. 
Canters Blue Sulphur Springs, Jordan 8 
Valley
1
, Baker Countv, west of Silver 
City, daho. ' 
200 
Col~'s Soda Springs, 3 miles west of 
White Point, Jackson County. 
Co
0
oper's Springs, 1 mile east ot'Wilbur, . . . . . . . . . . . . . . . . . . . .............. _ .. 
ouglas County. · 
Cullen's Springs, Yam Hill County ........ _. ...... . .. . . . ................ . 
Des Chutes Hot Springs, 8 miles north { 5 143{ . . 
of Warm Spring, Crook County. 5 • --• • --• • --• { l~
5
~ Alkaline, salme. 




ear Lakeview, Lake County .......... I ............................. : .. 
nB Mk alheur River, near mouth, 1+1 •••••••• 193 ... _ .... _. __ .••... 
a er County. 
At base of Stein Mountains, Grant . . . . . . . . . . . . 168 ................. . 
County. 




hwest side of Goose Lake, ........ ___ ............. _ .. _ ....... . 
a e 'ouoty. t Warner Lakes Valley, Grant Co ................................... .. 
our miles south of Lakeview, ... ............... ········-···--···· 
Lake Connty. 
On Cbeeseman's Ranch, 1 mile north ....................•............... 
of Lakeview Lake County. 







fitto~ •s Springs, Dexter, Lane ·county. 
lD villeSprings, near Linkville,Kla- ·4+ ::::::::·Hot·:::::::::::::::::: One is improved; used 
math County. as a resort. 
Lo~er Soda Spring, south fork of San- . . . . . . . . . . . . . . . . . . .Alkaline, car- Resort. 
ham River, Linn County. bo11.ated. 
M alhenr River Springs branch of Mal- ................................... . 
l1eur_River, Baker C~unty. 
60 McCaltster's Soda Springs, 3~. miles 
u:~ast of Jacksonville, Jackson County. 
""ineral springs: 
Twelve miles east of Jacksonville, . ... . .. . . . . . ...... Carbonated .... . 
Jackson County. 
(343) 
Used commercially and 
as a resort. 
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Mineral springs of Oregon-Continued. 
r cr3 ... • 
bl) ~ i ., ~ ~ 
~ ~ f Character of the 
Name and location. ? I _;] j water. 
j ~ i 
M"'8:,al~ngj;;;{•if''J.':,::" Creek, ~ '--~ •• --~- i Chalybeate and I Unimpl'O "\"" 
.Jackson County. carbonated. 
Three miles south of Aurora Mills, . . . . . . • . . . . . • • • • • . . ........ • • • • - - - · · 
Marion Countv. I In WillamettoValley,50milesabove 2 Resort. 
Eugene City, Lano County. · · 
On Blue Mountains, near.John Day, 1 120 Do. 
Sit;ii1f ~1~;~~ast of .Astoria, ..•. : : : : : : : : .•... .' . ~-~;~~~~~~~- ~ ·:: ~ 
On W. Allen's farm, near East Port- ..............•... Chalybeate ..... 
In Sam's Valley, .Jackson County .................... Sulphureted. - . •1 
land, Multnomah County. . . 
Payton or Snowden Mineral Spring, 2 1 225 57 Alkaline ...... · 1 Used com.mere 
miles south of Drain's Station, Doug- as a resort. 
las County. 
Soda springs: 
Near .Jacksonville, Jackson Co ....................... Carbonated..... Do . 
.A.t '\Vaterloo Falls, 3 miles above .... . .... ... .•.•.. . .. do.......... Unimproved. 
Sodaville, Linn County. • 
Six miles from .Ashland, Jackson Co ............ .• ......•. : . .......... - .. 
&! ~i1':u!b~i~~tira~t:~sCJo::: :::: :::'.: ::: :::: '.: :::::: :::::: :::::: 
Sodavme Spring, Sodaville, Linn Co . . . 1 15 45 Car bona red.... . .:F'ree resort. 
Solfataire, near Linkville, Klamath Co. . ... . ....... ...... . ... .. ... ... .... .. Used for vapor baths 
Sulphur springJ/: 
.At Sulphur Springs, on Smith's ..... ... . ............................ Unimprovod. 
Fork of Umpqua River, Douglas 
County. 
One mile above Sulphur Springs ....................•.......... -.. - • 
Douglas County. 
Up1ler Soda Springs, Santiam River, ....................•............... 
10 miles above Lower Soda Springs 
Linn County. ' 
Warm springs: 
Northeast of Summerville, Union ........... . ..............••........ 
County. 
Do. 
West of Malheur Lake, Grant Co . . . .....•.................. -- - • • · • · · · · / 
In Summit Lake Valley, Lake Co..................... ...... ............ d 
Wilhoit's Soda Sprin&"s, Clackamas Co., 7 700+ 35 .Alkaline....... . Used comruorc1ally an 
Rock Creek, 25 miles northeast of · as a. resort. 
Salem. 
White Sulphur Springs, head of Clack- ........................ .•••........ 
amas River, Clackamas County. 
Hot sprin,1s: 
In Horseflv Valley, southwest of . ...........•.•...•••.............. 
Drew's Valley, Lake County. 
On Lost River, west of Bonanza .........................•••••..•... 
Lake County. ' 
(344) 
PIALB.) WASHINGTON. 
.Analyses of mineral springs in 01·egon. 
Constituent&. Des Chutes Hot Springs. 







Grs.pergall.• Grs.pergallY Grs.pergall.< : Grs.pergall.d 
Sodium carbonate 34 50 87. 57 ....... - - .. - .. .. . - ....... - .. ~aifil1::f~~rb~~~~i~~~~::::::::::::::::::::: :/:::::: :: :·: :::: ~: ~~ · ··· ··T~~~·e· · ·:::::·::::::: :: : 
Iron protoxide carbonate ................... ·1·· ·........... 6. 00 ... - . • .. • • - .i. ··· · · · -.. • • · • 
Sodium sulphate.... . . . . . . . . . . . . . . . . . . . . . . . . . 9. 46 3. 40 ...... . .. .. - - . ! ........ -... . . 
Magnesium sulphate 6. 45 ... _ .......... , ...•..... .. . - . 
~~t~U:c8w~JJ!0. ::: :: : :::::::::: :::::: :::::: : · •••... i!i .. · ·· -· · 2oi."oo · · ··· · · · a5ii: oo· ·! ······ · · · 75."oo 
Potassium chloride.......................... 2.00 ................. 
1 
•••••••••••••• 
Ma~nesium chloride ......................... · 1. 21 .·.·.-.··. • .. · •. •.: ·.::: ...... _~~-.~'.-. I:::::::::::::: Sodium silicate ............. _ ......... _ . . .. . I 8. 20 
Iron .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace ....... - . . . . . . . ........ • • • • • t • • • • • • • • • • • • • • 
t~l1ia~~i~i~t!~~::::: :::::::::::::::::: ::::: :i:::::::::::: :: ::: : :: ~~~~~:: ...... t:~l!. ·1: ::: :: : : : ~~-: ~~ 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . ........... ·...... . . . . . . . . . . . . . . . . . . . . . . 10. 61 ............. . 
%~::;::::,~, :::: :: :: : : :: ::: : : : : : : :: : : : : : : :i: ::::::::::::: : ::: : : : : : : : : ·: ........ 1-_ 01 ...•• • .... 2i: Oi 
Total..... ............................ . 77. 61 421. 97 i 861. 62 . 186. 0C 
. . 
Ga,. \ Oubic inches. Cubic inches. Cubic inches. Oubic inches. 
Carbonicacid................................ 22.56 3.3844 j· ·········· ···I·············· 
I 
Constituents. Cooper\'! 






Cold Spring. I' Hot Spring. 
1--- -_l-l-----j,,-----
. Grs.pergall.• ; Grs. per gall.d• Gra. pergall.d , Grs.pergall.• 
Ma~esmm sulphate .•.....•.............. .. 'I. r23 ooS 1 ....... .. ..... 1 .......... · ·--1·••··· ········ 
Calcmm sulphate .•.......................... 5 • ~ i········· .. ··· ········· ..... ·············· 
Sodium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180. 00 .
1 
208. 00 128. 00 !' 1I3. 00 
Magnesium chloride .......... ......... ..... . ............. ..... : . . . . . . . . . . . . . . . . . . . . . . . 145. 00 
Calcium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48. 00 64. 00 190. 00 115. 00 
B'~ae\!~~~~~-~~tt~~·: :::::: :: : :·::: :: : ::: : : : : ::: ::: : : : : : : : 1···· ... 4ioii ........ h:i4:oo· ·j ........ ~~~-. ~~ 
Total ... ... _ ...... _.. . . . . . . . . . . . . . . . . . . 256. 00 I 814. 00 352. 00 i 435. 00 
• L. N. Dornbach and E. N. Hors- • R. G. Rex, analyst. 
ford, analysts. • Philip Harvey, analyst (1876). 
bJ. u. Veatc11, aualyst (1869). r With insoluble matter. 
•J. H. Bell, analyst (1870). 
WASHINGTON. 
iWith calcium, carbonate and 
loss. 
hWith magnesia, alumina, and 
silica. 
The list of mineral springs for Washington Territory is as yet small, 
and, so far as known, this is the first attempt to enumerate them. 
Walton mentions but one locality, viz, Medical Lake, which· is at 
present the only one at which the water is put up for sale. The water 
is condensed and bottled and the evaporated salts are also put up in 
packages, which are extensively sold. There is but one other locality 
in the Territory used as a resort. As the country becomes more fully 
settled there will doubtless be other localities improved and many new 
ones added to the table. 
The present list bas been compiled partly from maps and partly from 
letters received from various portions of the Territor~'. 
(345) 
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Mineral springs of Washington Territory. 
Name ~nd location. 
C""':'.':t' the / ____ R_e_mar_ks __ -__ 
Alkaline Springs, in Crab Creek Cou- . - - - . -: ·. --· ---~ -- --··- - -···· - ---- --1 
lee, Svokane County. 
Brackett Spring, Edmonds, Snohom- 1 65 57 . _ - _ ... - - .. - .... -·1 Unimproved. 
ish County. 
Cascade Warm Mineral Springs, Cas- 4 160 96 Saline, sulphu- Resort. 
cades, SkamaniaGount.ir. reted. 
Chalybeate_Spring_s, Clallam County .. 1-··· •······ · •··-·· ····:··-·········· 1 . 




On Green River, west slope of Cas- . ___ . __ .. - .. ---- ..... - - - ---- .• ----·· · 
cade Mountains, 50 miles n'orth 
from Seattle, King County. 
Medical Lake, Medical Lake, Spo- -··· '···-··· 60 Alkaline, saline_ Used commercially aru: 
kane County. as a resort. 
Pinkham Mineral Spring or Well, Lake . __ .. __ . _.. . _.... Calcic .•.•••.... 
Union, near Seattle, King County. 
Saline Springs, east end of Rattlesnake . __ ... _ . .. _ .. --. -...•...••••••.•••.. 
Mountains, Yakima County. 
Salt and alkaline lakes: 
North of Saddle Mountain, Spo- .... ····--·· ·····- .•...•.••••..••... 
kane County. 
North of Fort Okinakane, Stevens . __ .. __ ........•......••.••••... • • • • 
County. 
Soda Spring, near Goldendale, Kliki- . __ . ·-- ···-· ______ -··--· ·····- ·-···· Unimprovedanddi.fficw.t 
tat County. of access. 
Sulphur Lake, east of Palouse J unc- . __ . . __ .. __ .. --- -- .••.•• -.•• -•.• -•.. 
tion, Whitman County. 
Sulphur Spring, southeastern part of ____ ________ --·--- -----·-···-- ···--· 
Garfield County. 
Thermal Wells, Ainsworth. Whitman .... ________ 60 -------------·--·-
County. 
.Analysis uf minetal spring in Washingion Territory. 
Constituents. 
Total . _____ . _____ .. ____ . _________ . _ .. _ . _____ .. _______ ____ . _______ • ___ . ___ -... ---. 
• G . .A. Mariner, analyst (1882) . 
.A.LAS.KA. 
cc rdiog to Dr. v illiam II. Dall (from who 
the Ii ,t g-i en here i. mainl, compil d) 
f la ka ar both uum · ortant. 
'Pring, r ar m, n hi •h d n luri1 
win t r w ~ th r, antl whicll th rl - in 
Medical Lake 
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head of thermal springs. Hot springs are most numerous on the list, 
which may be due partly to the fact that such springs naturally attract 
most attention, especiapy in a new country. Ohalybeate, sulphureted, 
and saline springs are also found. The springs enumerated by Dall are 
supplemented in the table by severai others, two of which are taken 
from a book by Frederick Whymper, one from the Pacific Coast Pilot 
for 1869, and two from Walton's Mineral Springs, in which they are 
reported by Dr. H.J. Phillips, ' of the United States Army. Several 
localities have been added by Sheldon Jackson. So far as learned, none 
of the waters of the Alaskan mineral springs has ever been analyzed. 
Mineral springs of Alaska. 
Name ancl location. 
0 
Character of the 
water. Remarks. 
~oM/ng spr\ngs on northeast side of Akutan Island . . . . . . . . Saline 7 ........ . 
o mg springs on Kanaga Island.................... . ......•.......... Used by Aleuts from 
Boiling mud spri.n!:JS on Koni volcano, Atka Island... . . . . . . Sulphureted ... . 
C
Cbalybeate spring,! mile from Sitka, Baranoff Island. . ................ . 
hal,Ybeate spring on west bank of Chilkat River, ................. . 
on the mrui.nl and. 
Geyse~s, or warm sulphur springs, Sitka Sqund, 15 or •153½ Saline and sul-
20 miles from Baranoff Island. phureted. 
Hot spri_ngs, 5 miles from Korovni Bay, Aka Island . . 167 Saline 1 . •..•••••. 
Hot springs bl3tween Korovni and Kluche:ff volca- ...•..... . .............. 
noes, Atka I tiland. 
iot springs on .A.dakh Island . .............. . ....... . .....•.............••... 
tli:r{~ni:nl~s~!~enosa Bay, on south coast of ................. . 
HPteirr:-:r:. in Port Moller, north side of .A.liaska ...•.......•.......... , . 
Hot spring in crater of Goreloi, Goreloi Island ... •...................... 
H~!i!:rings on .A.magat Island, near Aliaska Penin- .......•...... : : : : 
H
Hot Spri?gs on a sm~ll island southeast of .A.khlin . . . • .... . ...... . .... . .. . . . 
ot Sprmgs on Ch1chago:ff Island, east of Si wash .....•............ 
passage. 
Rot marshes near Pogriimnoi volcano, Unimak Island ...•....•............... 
Hot sphrings on Stikine River, 25 miles above ~ts ........ _ ........ . 
mout . · 
Jot springs on Sitignak I sland . . . • • . . . . . .. . ..•.........•...•.•.............. 
ll
ot springs c,n Segouam 1 Island . . . . . . . . . . . . . . . . . . . • . . . . . . 
ot springs opposite Iliuluk ov ~a.ptain's Harbor, on 94 Sulpb~~t~;i:::: 
Unalaska Island . 
1Ioitl spdri.I,gll near M:almshin Mountain, Unalaska ........ _ ........ . 
s an . 
Rot Springs near Deep Bay, Unimak Island .•.•••.... 212 ...•...••...•.... . 
InUte~itteni tl hodilini springs, in a small valley of ........•..........•.... 
mmak s an . 
:aline lake on Beaver Island in the Pribyloff Group.. . .. . ...........•.. 
time immemorial for 
cooking purposes. 
Was ,used as the site 
of ho~pital by the 
Russians, and the 
springs were used 
extensively. 
Used by Aleuts for 
bathing. 
UF,!ed for bathing by 
the Aleuts. 
-,;;Jphur lake on Unimak I sland............ . ......... . . .. _ ..... . . . .... . 
vv arm springs on U nalaklik River, near Uhikuk . . . . . 34 Saline 1. . . . . . . . . . Tho temperature of the 
IV' arm sprinis between. Verso la Sofke and Youkon 
River. 
air was -8° Fahr, 
--...... • This is the tem~erature given in the Coa.qt Pilot. Dall gives a temperature of 122° F., and Dr. 
c::-billips, in Walton s book, gives 9t\° F. to 1Q4u F. 
(347) 
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RECAPI'.l'ULATION. 
The totals in the following table are somewhat greater than- hose 
given in the summary on page 986 of Willia.ms's Mineral Resonr~s of 
the United States, 1883-'84, as additional data have been received -in~ 
the publication of that report. 
' I I Number of Number of 'Number of Number of To .llum, Nmnb_er of springs springs be r ol States. spring lo• individual sprmgs utilized used com-calities. springs. analyzed. as resorts. I mercia:ily • anal iai. 
Northern Atlantic States ... 405 657 155 74 72 I . 
Southern Atlantic States ... 371 1,048 148 152 42 161 
Sonthom Cont,al State, .. · 1 721 1,911 137 174 36 41 
Northern Central States .. _. 601 1,276 215 122 55 ~2l 










Abenaquis Springs, N. H., 17. 
Aberdeen Artesian Well, Dak., 160, 161. 
Abita Spring, La., 124. 
Academy Spring, Tenn. Se6 Gibson's Spring. 
Acid Spring, Monroe Co., Iowa, 161. 
Adams Courity Mineral Spring, Ohio, 131. 
Adams Springs. See Rocheport Sulphur Springs. 
Adams Springs, Cal., 203, 210. 
Adams White Sulphur Springs, Pa., 44. 
Addison Mineral Spring, Me., 14, 16. 
Addison Ridge Chalybeate Springs, Pa., 44. 
Adirondack Mineral Springs, N. Y., 27, 32. 
1Etna Springs, Cal., 203, 210. 
Agua Caliente, Ariz., 196. 
Agua Caliente, Cal. 86e Warner's Ranch Spring. 
Agua Caliente, Cal., 203, 213. 
Agua Caliente, Colo., 188. 
Agua Chalybeate Springs, Ind., 135. 
Agua Sal Creek, Ariz., 196. 
Alabama, mineral springs of, 88-94. 
.Alabaster Cave Spring, Cal., 203. 
Alameda Warm Spring!'!, Cal., 203. 
Alaska, mineral Springs of, 218, 219. 
Albany Artesian Well, N. Y .• 27, 32. 
Albert's Sulphur Springs, Ind., 135. 
Alburgh Springs, Vt., 19, 20. 
Alcyone Mineral Springs, Ill., 142, 144. 
Alhambra Springs, Mont., 178. 
Alkali Lakes, Wyo., 183. 
Alkaline Springs, Wash. Ter., 218. 
Alkali Springs, Ariz., 196. 
Alkali Springs, Colo., 188. 
Allandale Springs, Mass., 22, 23. 
Allau's Mineral Springs, Mont., 178. 
Alleghany Springs, Tenn., 98. 
Alleghany Springs, Va., 55, 58. 
Allen Springs, Cal., 203. 
Allen Springs, Ky., 107. 
Allen's Spring, Nev., 198. 
All Healing Springs, N. C., 74. 
Alma Salt Well, Kans., 172. 
Alpena Magnetic Well, Mich., 145,147. 
Alum and Chalybeate Springs, Tenn., 98 
Alum Rock Spring, Cal., 203. 
Alum Rock Sp1ing, Pa., 44. 
Alum Spring, Ark., 119. 
Alum Spring, Mont., 178. 
Alum Spring, Nov., 198. 
Alum Spring, Onslow Co., N. C., 74, 77. 
Alum Spring, Rutherford Co., N. C., 74. 
Alum Spring, W. Va., 09. 
Alum Springs, 0 >lo., 188. 
Alum Springs, Boyle Co., Ky., 107. 
Alum Spri~gs, Lewis Co., Ky., 107. 
.AJum Springs, Texas, 125. 
Alum Springs of Rockbridge Co., Va., 55, 
Alum Well, Milford, Mo., 164,168. 
Alum Well, Tenn., 98. 
Alum Well, Va., 55. 
Ambler's Mineral Spring, S. C., 79. 
Amelia Springs, Va., 55. 
American Chalybeate Spring, Me., 14, 16. 
Amherst Mineral Spring, N. H. See Pine 
Grove Mineral Spring. 
Amherst Soda Spring, N. H., 17. 
Anchosa Spring, Miss., 95. 
Anderson Mound Springs, Ind., 135, 138. 
Anderson Spring, Ind., 135. 
Anderson's Springs, Cal., 203. 
Angier's Mineral Springs, Ga., 81, 83. 
Annapolis Sulphur Spring, Ohio, 131. 
Antelope Springs, Colo., 188. 
Apache Tejo Warm Springs, New Mex., 194. 
Apollis Spring (Saratoga), N. Y. See High 
Rock Springs. 
Aqua Caliente, New Mex., 194. 
Arctic Springs, Wis., 151,153. 
Arizona, mineral springs of, 196, 197. 
Arkansas, mineral springs of, 118-122. 
Arlington Springs, Mo., 164. 
Armstrong Spring, .A.rk., 119. 
Amica Springs, Mo., 164. 
Auington Mineral Springs, Kans., 172,174. 
Arrowhead Hot Springs, Cal., 203. 
Artesian Lithia Spring (Ballston), N. Y., 27, 33. 
Artesian Magnetic Mineral Spring, Colo., 188. 
Artesian Springs, Miss., 95. 
Artesian Sulphur Wells, Oak Harbor, Ohio, 131. 
Artesian Well, Pueblo, Colo., 188. 
Artesian Well, Clark Centre, Dak., 160,161. 
Artesian Well, Saint .Lawrence, Dak., 160,161. 
Artesian Well, Illinois City, Ill., 142. 
Artel'.lian Well, Rensselaer, Ind., 135. 
Artesian W £,ll, Farmington, Iowa, 161, 162. 
Artesian Well, Harper's F erry, Iowa, 161,163. 
Artesian W1Jll, nei.r Davenport, Iowa, 161,163. 
Artesian Well, AbeTdeen, Miss., 95. 
Artesian Well, Lincoln, Neb., 171. 
Artesian W ell, Tenn., 98. 
Artesian Well (sulphur); Tenn., 98. 
Artesian Wells, Charleston, S. C., 79, 80. 
I 
Atlanta Mineral Spring, Ga., 81, 83. 
Auburn Mineral Spring, Me., 14. 
Auburn Spring, N. Y., 27, 32. 
(349) 221 
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Augusta Springs, Va. See S~bling Springs. 
Aurora Highlands Spring, W. Va., 69. 
Aurora Saline Springs, Oreg., 2i5, 217. 
Aurora _Springs, Mo., 164, 168. 
Austin's Springs, Tenn., 98, 103. 
Avoca Minerai Spring, Ind., 135. 
Avoca Spring, Tenn., 98. 
Avon Sulphur Springs, N. Y., 27, 32. 
.Afzalia Mineral Springs, Ind., 135. 
Aztec Spring, N. Mex., 194, 195. 
Azule Mineral Springs, Cal., 203,211. 
B. 
Bailey, E. H. S., on mineral springs of Kans., 171. 
Bailey Springs, Ala., 89. 
Baker's Spring, Ark., 119. 
Bald Hill Spring, Conn., 25. 
Ballston Spa Springs, N. Y., 27, 33. 
INDEX. 
I Bethesda Spring, Ga., 81. 
i Bethesda Spring, Wis., 151,153. 
B<lthesda Springs, Mo., 164. 
Bethlehem Spring, Mass., 22, 23. 
Bevy Springs, Md., 52. 
Big Bone Lick Springs, Ky., 107. 
Big Hole Hot Spring, Mont., 178. 
Big Lick Springs, Ky., 107 . 
Big Mineral Spring, Rosenkrans Park 
Big Salt Springs, Mo., 164. 
Big Stone Lake, Minn., 158,159. 
Bingham Spring, Md., 52. 
Birchdale Springs, N. H., 17, 18. 
'Bishop's Well, 42, 43. 
Bitter Artesian Well, Ohio, 131. 
Bitter Spring, Ariz., 196. 
Bitter Spring, San Bernardino Co., Cal.-., 
Bitter Springs, Nev., 198. 
Bankston Springs, Miss. See Mississippi Springs. 
Banner's Springs, Tenn., 98. 
Bitter Well, Crawford Co., Ohio, 131. 
Bitter Well. Hancock Co., Ohio, 131. 
Black Barn,n Spring, Pa., 44, 46. Barger's Springs, West Va., 69. 
Barksdale Spring, Tex., 125. 
Barlow's Thermal Well, Intl., 135. 
Barnes's Spring, Wis., 151. 
Barre Mineral Spring, Vt., 19. 
Barren Creek Springs, Md., 52 
Bartlett Springs, Cal., 203. 
Barton Sulphur Spring, N. Y., 27, 34. 
Bath .Alum Springs, Va., 55, 58. 
Bath Chalybeate Springs, Pa., 44. 
Bath Springs, Tenn., 98. 
Bauguss Mineral Springs, Tex., 125. 
Baxter Medical Springs, Kans., 172,173. 
Beachville Springs, Ky., 107. 
Beall Spring, Ga., 81. 
Beardsley Iron Springs, Vt., 19. 
Bear River Hot Springs, Utah. See Utah Springs. 
Bear River Soda Springs, Idaho, 182. 
Bear Valley Hot Sprin,gs, Cal., 203. 
Beaver Dam Springs, Tenn., 98. 
Becker, G. F., on minl)ral springs of Idaho, 181. 
Beck's Hot Springs, Utah, 185. 
Bedford Alum and Iron Springs, Va., 55, 59. 
Bedford Springs, Ky., 107. 
Bedford Springs, Pa., 44, 46. 
Bedford Warm Springs, Mont., 178. 
Beersheba Springs, Tenn., 98. 
Belcher's Artesian Well, Mo., 164, 170. 
Belinda prings, Md., 52. 
Belknap Ilot Springs, Oreg., 215. 
Bellbrook Magnetic Spring, Ohio, 131, 134. 
Belle Cheney Springs, La .. 124. 
Bells Min ral Wells, Tex., 125. 
Bell pring, N. C., 74. 
:Belmont prings, Miss., 95. 
Benb~ru's Carburetetl Saline Well, Ind., 135,138. 
B nnmgton Thermal pring, Vt., 19. 
B n ou 's alt pring, Fla., 86, 87. 
Dentlc,_v prin~ , Md., 52, 53. 
Berkel Y or, umrnit oda. pr-ing.e, Cal., 203. 
13 rk l 'Y pring , ,v. Va., 69, 71. 
13 •rk bir .Min r I pring , Vt., 19. 
Berk. hir d prin«, .Ma ., 22_ 
~ rn_arcl ulpbur pring ' Tex., 125. 
ll rri u prio , ioh., 145. 
D tb I prln ,, e., l4. 
Black Earth Mineral Springs, Wis., 15:I, 
Black Lake, Cal., 203. 
Black Roc,k Springs, Va., 55. 
Black Sulphur Springs, .Ark., 119. 
Black Sulphur Springs, Tenn., 98. 
Black Water Springs, Tenn. , 98. 
Black Wells, Miss., 95. 
Blackwell's White Sulphur Springs, N. C- ., -
Bladon Springs, .Ala. , 89, 92. 
Blanchard Springs, .Ark., 119. 
Blanck's (Mrs. Lottie) Hot Sulphur Spri.i:ig 0 
203. 
Blanco Springs, Ark., 119. 
Blankenship's Medical Springs, Mo., 164 . 
Blood Spring, Ark., 119. 
Blossbu-rg Springs, Pa., 44, 49. 
Blount Mineral Springs, .Ala., 89, 93. 
Blount Spring, .Ala., 89. 
Blowing Springs, Ark., 119. 
Blue Grass Sulphur Springs, .Ala., 89. 
Blue Lick, Intl., 135. 
Blue Lick Spring (Lower), Ky., 107, 112. 
Blue Lick Spring (Upper), Ky., 107, ill. 
Blue Ridge Springs, Va., 55, 59. 
Blue Rock Spring, Ohio, 131, 134. 
Blue Spring, .Jackson Co., Fla.., 86. 
Blue Spring, Madison Co., Fla., 86. 
Blue Spring, Volusia Uo., Fla., 86. 
Blue Spring, Utah, 185. 
Blue Sulphur prings, Md., 52. 
Blue Sulphur prings, W. Va., 69, 71. 
Bluish-White 'ulphur Spring, W. Va., • 
Bog Spring , .Ark., 119. 
Boiling Lake, Plumas Co., Cal., 203. 
Boiling Mud pring , Atka Island. 
Boiling pring , Akutan Island, 
Boiling Spring , Kanao-a Island, 
Boiling pring . Cal., 203. 
Bollin er ulphnr prin,.., Cal ., !.'Of , 
Bolar prin_, I 5,5. 
Bon .Air Chal , T llII- , 
Bonanza priJ1 , . 
Bon A.qua p 




Boothbay Medicinal Mine,ral Spring, Me., 14, 16. 
Borax Flat Springs, Cal., :104. 
Borax Marsh Springs, Cal., 204. 
Borax Patch Springs, Cal., -204 •. 
Borden Springs, Ala., 89. 
Borland Mineral Well, W. Va., 69, 71. 
Botetourt Springs, Va., 55. 
Boulder Hot Spring, Mont., 178. 
.Bowden Lithia Springs, Ga., 81. 
Bower Spring, Vt., 19. 
Bowie Springs, A.la., 89. 
Bowsher Mineral Spring, Mo., 164,168. 
Box Mountain Sulphur Springs, Ky., 107. 
Boyd's Hot Springs, Cal., 204. 
Boyer Sulphur Springs, Ind., 135. 
Brackett Springs, Wash. Ter., 218. 
Bradford Mineral Spring, N. H., 17. 
Branbeck's Springs, Cal., 204. 
Brandywine Chalyheate Spring, Del., 51. 
Brandywine Spring, Miss., 95. 
Bratton Spring, Mo., 164, 168. 
Bridger Uafion Tepid Spring, Mont., 178. 
Bristol Soda Springs, Wis·., 151, 153. 
Britt's Springs,Ark., 119. 
Brom-Magnesian Mineral Well, Kans., 172,174. 
Brookfield Spring, Mass., 22. 
Brown and Boyd's Spring, Tenn., 98. 
Brown Spring, Ky., 107, 112. 
Brown's Springs, Tenn., 98. 
Bruffy's Hot Springs, Nev. See Mineral Hill 
Hot White Sulphur Springs. 
Bruneau Rot Spring, Idaho, 181. 
Brunswick White Sulphur Springs, Vt., 19. 
Br.van's Mineral Spring, Minn., 158,159. 
Bryant's Springs, Ky., 107, 110. 
Bnckhert's Fountain, Wis., 151. 153. 
Buckingham White Sulphur Springs, Va., 55. 
Buena Vista Springs, Ky., 107. 
Buffalo Lithia Springs, Va., 55, 59. 
Buffalo Spring, Mo., 164. 
Buffalo Springs, Ky., 107. 
Bug Spring, Fla., 86. 
Bull Dog Mineral Springs, Ark., 119. 
Burdett's Sour Mineral Wells, Texas, 125. 
Burdsall's Soda Lake Springs, Colo., 188. 
Burgher's Spring, Ky., 107, 118. 
Burke's Chalybeate Springs, N. C., 74. 
Burkhart's Spring; Mo., 164, 168. 
Burner's Springs, Va., 55. 
But'Iling Spring, A.la., 89. 
Bussey's Mineral Spring, Ark., 119. 
Butler's Mineral Spring, Ark., 119. 
Butler Springs, Ala., 89. 
Butt.erworth's Magnetic Spring, Mich., 145, :i.47. 
Butte Spring, Nev., 198. 
B.vron Acid Spring, N. Y., 27. 
Byron Spring, Cal., 204. 
c. 
Cabello Springs, N. Mex., 194. 
Cairo White Sulphur Springs, N. Y., 27. 
Calcareous Springs, Wyo., 183. 
Caledonia Springs, Pa., 44. 
Calhoun Springs, Miss., 95. 
California, mineral springs of, 202-214. 
California Seltzer Spring, Cal., 204, 210. 
Calistoga Hot Spring, Ual., 204,210. . 
Callaghan's Sulphur Spring, Va. See Dickson's 
Snlphur Spring. 
Cameron Springs, Ind., 135,141. 
Campbell's Spring, Ohio, 131. 
Campbell's Springs, Cal., 204. 
Campbellsvill.e Sulphur Spring, Ky., 107, 
Campo Chalybeate Spring, Cal., 204 • 
Camp's Spring, Ga., 81, 83. 
Cannon's Spring, Ga., 81. 
Canoga Springs, N. Y., 27. 
Uafion City Hot Springs, Colo., 188, 191. 
Canon City Springs, Colo., 188, 190, 191. 
Canon Creek Spring, Uolo., 188. 
Canter's Blue Sulphur Springs, Oreg., 215. 
Cantrell Springs, Ark., 119. 
Canwood's Springs, Tenn., 98. 
Capon Springs, W. Va., 69, 71. 
Capper's Springs, Va. See Rock Enon Springs. 
Carbonated Spring, Siskiyou Co., Cal., 204. 
Carbonated Warm Spring, near Draper, Utah, 
185, 187. 
Carbureted Spring, Macon Co., Ill., 142. 
Cardwell Mineral Spring, Tex., 125. 
Carey•~ Spring, Ohio, 131. 
Carlisle Spring, Colo., 188, 192. 
Carlisle White Sulphur Springs, Pa., 44. 
Carmon's Spring, .A.la., 89 . 
Carrizo Springs, Tex., 125. 
Carroll White Sulphur Springs, Md., 52. 
Cascade Springs, Mich., 145. 
Cascade Springs, Tenn. , 98,103. 
Cascade Warm Mineral Springs, Wash. Ter., 218. 
Castalian Mineral Water, Cal., 204, 210. 
Castalian Spring, Miss., 95. 
Castalian Springs, Tenn., 98. 
Castalia Springs, Ohio, 131. 
Castle Rock Springs, Cal., 204. 
Castor Sulphur Springs, La., 124. 
Catalytic Springs, Ga. , 81. 
Catoosa Springs, Ga., 81, 83, 84. 
Cave Spring, Cal. See Desert Spring. 
Cayce's Springs, Tenn., 98. 
Cayuga Mineral Spring, N. Y., 27. 
Cecil Alum Springs, Va., 55. 
Cedar Bluff Sulphur Springs, Va., 55. 
Cedarburg Springs, Wis., 151. 
Cedar Spring, Ohio, 131, 134. 
Cedar Springs, Mo., 164. 
Cedar Springs, Tex., 125. 
Central Spring, Vt., 19. 
Central Springs, Ind., 135. 
Cerro Gordo Springs, Ky., 107. 
Cerulean Springs, Ky., 107. 
Chalk Creek Hot Springs, Colo., 188,192. 
Chal:vbeate A.cid Springs, Miss., 95. 
Chalybeate and Saline Springs, Ky., 107.· 
Chalybeate and Sulphur Springs, Ohio, 131. 
Chalybeate Hill Springs, Ark., 119. 
Chalybeate Mineral Spring, N. C., 74. 
Chalybeate Spring, Colo., 188. 
Chalybeate Spring, Oneida Co., Idaho, 181. 
Chalybeate Spring, Mont., 178. 
Chalybeate Springs, Alaska, 219. 
Chalybeate Springs, Ga., 81, 84 
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Ch:ilybeate Springs, Ky., 107,111. 
Cb.alybeate Springs, S. C., 79. 
Chalybeate Springs, Wash. Ter., 218. 
Chalybeate Well, Ill., 142. 
Chamberlain Mineral Sp1-ings, Iowa, 161,163. 
Cha meleon Springs, Ky., 107. 
Cha mpion Spring (Saratoga), N. Y., 29, 38. 
Cb.amplain Spring, Vt., 19. 
Chandler 's Spring, Tex., 125. 
Chandler's Springs, .Ala., 89. 
Chappaqua Spring, N. Y ., 28. 
Charleston Old .ArteHian Well, S. C., 79, 80. 
Charlestown Springs, N. H ., 17. 
Charlotte Mineral Spring, N. C., 74, 77. 
• Chatham Mineral Spring, N. C., 74, 77. 
Cheltenham Springs, Mo., 165. 
INDEX. 
I 
Collins Hill Spring, Conn., 25. 
Colorado, mineral springs of, 188-193. 
Columbia Chalybeate Spring, Mo., 165, 
Columbian Spring (Saratoga), N. Y., 29, 
Columbia Springs, Miss., 95, 
Columbia Sulphur Springs, W. V a., 69. 
Columbia White Sulphur Springs, N. Y ., 
Commonwealth Mineral Spring, Mass., 22, 
Congress Spring (Saratoga) , N . Y., 29, 38. 
Conne'cticut, mineral springs of, 25, 26. 
Cook's Springs, .Ala., 89. 
Cook's Springs, Gal., 204. 
Cooper's Springs, Oreg., 215, 217. 
Cooper' s Springs, Tenn., 99. 
Chenowith's Black Sulphur Springs, Ohio, 131. 
Cherokee Magnetic Mineral Springs, Iowa, 161, 
Cooper's Well (artesfan), Miss., 95, 97. 
Copelanu's Iron Spring, Ohio, 131. 
Copeland Springs, Tenn., 99. 
Copperas Springs, Mo. , Hl5. 
.163. 
Cherokee Springs, .Ark., 119. 
Cherokee Springs, S. C., 79. 
Cherry Valley Phosphate Spring, N. Y., 28, 34. 
Cherry Valley Springs, N. Y., 28, 34. 
Chester Medicinal Spring, Vt., 19. 
Chick's Springs, S. C., 79. 
Chilhowee Spring, T enn., 99. 
Chilhowee Sulphur Spring, Va., 55. 
Chittenango White Sulphur Springs, N. Y., 28, 33. 
Chlorine Springs, N. Y., 28, 35. 
Choteau Springs, Mo., 165,168. 
Church Hill .Alum Springs, Va., 55, 60. 
Cincinnati .Artesian W ell, Ohio, 131, 133. 
Cincinnati Sulpho-saline Spring, Ohio, 131, 133, 
Cistern Lick Springs, Va., 55. 
Claiborne Springs, La. , 124. 
Claremonde Cbalybeat e Spring, Ga., 81. 
Clarendon Mineral Springs, Vt., 19, 20. 
Clark's Sulphur Springs, Mo., 165. 
Clark's W ann Springs, Mont., 178. 
Clark's W ell, Ind., 135. 
Clarktown Spr ings, Tenn., 99. 
Claypole's Cbalybeate Spring, Va., 55. 
Clay Spring, .Ifla., 86. 
Clear Creek Sulphur Springs, Ky., 107, 118, 
Cleopatra Spring, Yellows tone P ark, Wyo., 184. 
Cleveland Mineral Springs, N . C., 74, 77. 
Cliff Springs, .Ala., 89. 
Clifton Springs, N . Y., 28, 33. 
Clifton Springs, Va., 55, 58. 
Climax Springs, Mo., 165, 168. 
Clinchdale Springs, Tenn., 99. 
Clinton Spring, N. Y., 28. 
Cluster Springs, .Ark., 119. 
Clysmic Springs, W is., 151,154. 
Coal Valley Boiling Springs, Cal., 204. 
Coats's pring, Ind. See West aratoga Springs. 
Coffi e Spring, .Ala., 89. 
Cohutta pring , Ga., 81. 
Coldbrook Min ral Springs, Mass., 22, 23. 
Cold , ocla Lake and IIot prings, Cal., 204. 
Coltl alphm· prings, Va., 55, 59. 
Col man p1-iugs, Tex., 125. 
ol ruan ' ,v JI, Mi ., 95. 
ol 's ocl a p1 in PS, Oreb . 215. 
ol ' , pdn" , o., 165. 
Cornelian Springs, Cal. See Tahoe Springs. 
Corydon .Artesian Well, Ind., 135. 
Cottonwood Hot Springs, Colo., 188. 
Court-House Spring, Ind. T er. , 123. 
Cowhead Spring, N. C. , 74, 77. 
Coyner's Sulphur Springs, Va., 55. 
Crab Orchard Springs, K y ., 108, lll. 
Crabtree's Sour W ells, Tex. , 125. 
Cranmer Springs. Kans. , 172. 
Cranston Mineral Spring, R . I. , 24. 
Crawford Spring, 'l'enn., 99. 
Crawford Sulphur Spring, Ohio, 131. 
Crawford Sulphur Springs, .Ar k., 119. 
Creel White Sulphur Spring, K y., 108. 
Crescent Spring, Wis. , 151. 
Cresson Springs, Pa., 45, 47. 
Creswell 's Sulphur Springs, N. C .. 74. 
Crimson Springs, W. Va., 69. 
Crisp Springs, Tenn. , 99, 103. 
Crit t enden Spring, K y., 108. 
Croton Springs . .Arizona, 196. 
Crystal Mineral Spring, Mass., 22. 
Orystal Minera l SprinJ!S, .Ark., 119. 
Crystal River Springs, Fla., 86. 
Cryst al Spring Maine, 14. 
Crystal Springs, N apa Co. , Cal., 204. 
Crystal Springs, San Mateo Co., Cal., 204. 
Crystal Springs, Mo., 165. 
Crystal Springs, N. Y., 28, 35. 
Crystal Springs (Saratoga), N. Y. , 29, 38. 
Crystal Sulphur Springs, Va., 55. 
Cullen's Springs, Oreg., 215. 
Cullum's Springs, .Ala., 89, 92. 
Cumberland Spring, R. I ., 24. 
Cuyahoga Lithia. and MagnMia 
131, 133 
D. 
Daggers pring, Va., 55. 
Dakotn, mineral springs of, 159-16 • 
Dakota Hot prings, Dak., 160. 
Dalby piings, Te~ .• 125. 
Daniel Mi.ne1 
Dan ville i 
Dardan Ile u 
Darien Mine 
Darling' Mio 




Dans Spring, A.la., 89. 
Dans ~pring, Ky., 108, 118. 
Davis's Sulphur Springs, Mo., 165. 
Dawson's Springs, Mo. , 165. 
De Barry Mineral Spring, Fla. , 86. 
Deep Rook Springs, N. Y., 28, 35. 
Deer Lick Springs, N. Y. See Seneca Spa Spring. 
De Foe•~ Mineral Well. Ill., 142. 
De Gonia Springs, Intl., 135, 138. 
De Hart's Springs, N. C., 74 . 
Delaware, mintral springs of, 5 l. 
Delaware White Sulphur Spring, Ohio, 131. 
De Luz Hot Springs, Cal., 204. 
Denham Springs, La., 124. 
Dennison's Mineral Well, N. C., 74, 78. 
Denny Springs, Wash. Ter., 218. 
Des Chutes Hot Springs, Oreg., 215, 217. 
Desert or Cave Spring, Cal., 204. 
De Soto Mineral Springs, Ark., 119. 
De Soto Mineral Springs, La., 124. 
Dexter Chalybeate Spring, Me., 14. 
Diamond Rock Mineral Well, N. Y., 28. 
Dibrell Spring, Va. See Daggers Spring. 
Dickson's Sulphur Spring, Va., 55. 
Dillard's Springs, Va., 55. 
District of Columbia, mineral spdngs of, 54. 
Dixon's Oakland Spring, Tenn., 99. 
Dixon Springs, Ill., 142. 
Dixon Springs, Mo., 165. 
Double Hot Springs, Nev., 198. 
Doubling Gap White Sulphur Springs, Pa., 45. 
Dougherty's Springs, Ga., 81. 
Dovepark Springs, Ark., 119. 
Doxtatter's Mineral Well, N. Y., 28, 84. 
Draper's Springs, Tenn., 99. 
Dr. Davis's Spring, .A.la., 89. 
Drennon Springs, Ky., 108. 
Dnpping Springs, Ky., 108. 
Dr. Soupan's Hot Sulphur Spring, Cal., 204. 
Dryden Springs, N. Y., 28. 
Duffau's Sulphur Wells, Tex., 125. 
Dunbar's Mineral Spring, Iowa, 161, 162. 
Dunlap's Chalybeate Springs, Tenn., 99. 
Dunn's Spring, Tenn., 99. 
Dunseith Mineral Spring, Dak., 160. 
Dupont's Artesian Well, Ky. See Louisville Ar-
tesian Well. 
E. 
East Clarion Spring, Pa., 45, 48. 
Eaton Mineral Well, Ohio, 181. 
Eaton Rapids Magnetic Springs and Well, Mich., 
145,147. 
Eaton's White Sulphur Well, Ind., 185,188. 
Ebeeme Spring, Mo., 14, 16. 
Eehinus Geyser, Yellowstone Park, Wyo. See 
Gibbon Geyser Basin, Yellowstone National 
Park Springs. 
Echo Grove Mineral Spring, Mass., 22, 23. 
:Edmondson's Spring, Va., 55. 
Edmondson's Springs, Ark., 119. 
Eggleston Springs, Va. See New River White 
Sulphur Springs. 
Elbert Iron Spring, Colo., 188. 
Eldora<l.o Springs, Ark., 119. 
Eldorado Springs, Cedar Co., Mo., 165. 
Eldorado Springs, Oregon Co., Mo., 165. 
Eldorado Springs, Tenn., 99. 
Electro-Magnetio Springs, Ohio, 181, 183. 
Elgin Spring, Vt., 19. 
Elkhorn Springs, N. Y., 28. 
Elkmont Springs, Tenn., 99. 
Elko Hot Springs, Nev., 198. 
Elk Springs, Mo., 165. 
Ellendale Chalybeate Springs, N. C., 75. 
Ellerbe Spring-s, N. C., 75, 77. 
Ellis Spring (Saratoga), N. Y., 29. 
Ellis 's Spring, .A.la., 89. 
Elliston's Sulphur Springs, Ky., 108, lH. 
Ellis Well, Mo., 165, 168. 
Elm Store Springs, Ark., 119. 
El Paso de Robles Hot and Cold Sulphur Springs 
Cal., 204, 210. 
Emigrant Warm Spring, Mont., 178,180. 
Empire Spring (Saratoga), N. Y., 29, 88. 
England's Mineral Well, Ark., 119. 
Ennall's Spring, Md. , 52. 
Ephrata Spring, Pa., 45. 
Epperson Springs, Tenn , 99. 
Epsom Spring, Lincoln Co., Ky., 108, 112. 
Epsom Spring, Trimble Co., Ky., 108. 
Epsom Springs, 1.'enn., 99. · 
Erie Sulphur Spr-ings, Mich., 145. 
Erkenbrecker's Salt Well, Ohio, 181,133. 
Erwin Spring, Tenn., 99. 
Esculapia Springs, Ky., 108. 
Estes Park Springs, Colo., 188,191. 
Estill Springs, Ky., 108,111. 
Estill Springs, Tenn., 99. 
Eu;::~ptie Spyings, N. C., 75. 
Eureka Spring (Saratoga), N. Y., 29, 89. 
Eureka Springs, Ark., 119,122. 
Eureka Springs, Wis., 152, 154. 
Everett Crystal Spring, Mass., 22, 28. 
Everett's Springs, Ga., 81. 
Ewing Springs, N. C., 75. 
Excelsior Spring, N. Y., 28, 35. 
Excelsior Spring (Saratoga), N. Y., 29, 39. 
Excelsior Springs, Ark., 119. 
Excelsior Springs, Mo., 165. 
F. 
Fairchild's Potash Sulphur Springs, Ark,, 119. 
Fair Ground Springs, Ind., 135. 
Fairport Mineral Springs, N. Y., 28. 
1 
Fairview Mineral Spring, Mo., 165, 169. 
Fairview Springs, Tex., 125, 127. 
Falling Spring, Va., 55. 
Farmville Lithia Springs, Va., 55, 60. 
Fauquier White Sulphur Springs, Va., 55, 60. 
Fayette Springs, Pa., 45, 46. 
Fellow's Grove Spring, Iowa, 162, 
Fernvale Spring11, Tenn., 99, 108. 
Ferrolithic Spring, Ga., 81. 
Fike's Lick Springs, Mo., 16G. 
Fish Springs, Utah, 185. 
Fla.t Rock Spi:ing (Saratoga), N. Y., 29, 89. 
Flint's Magnetic Springs, Mich., 145. 
Flint Stone Mine1·al Spring, Md., 52, 53. 
Floding Springs, W. Va., 69. 
Flood's Cbalybeate Spring, Ark., 129. 
Bull. 32-15 (353) 
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Florida, mineral springs of, 85-87. 
Florida Springs, N. Y., 28, 35. 
Flowing Spring, Kans., 172,175. 
Glover's Springs, Tenn-~ 
Godbold Mineral Wells ~-r.·.1.·..a::=--~-""'"::-~ 
Flowing Wells, Rosenkrans Park,.Iowa. See Big 
Golconda Hot Springs, ~ -
Golclen Spr'illgs, Ala., 89. 
Goldsborough Springs, ~ Mineral Spring. 
Foley's Epsom Springs, Ky., 108, 112. 
Foley Springs, Oreg., 215,217. 
Ford Springs, Mo., 165. 
Fort Scott Artesian Well, Kans., 172,173. 
Foantain Spring, Wis., 152, 154. 
Fox Springs, Ky., 108. 
Frankfort Springs, Pa., 45. 
Franklin Spring (Ballston), N. Y., 27, 33. 
Franklin Springs, Ala., 89. 
Franklin Springs, Ga., 81, 85. 
Franklin Springs, Miss., 95. 
. Franklin Springs, N. Y., 2R. 
Franktown Hot Sprmgs, Nev., 198. 
French Lick Springs, Ind., 135,138. 
Fresno Hot Springs. Cal., 204. 
Fruitport Artesian and Magnetic Well, Mich., 145, 
147. 
Fryeburg Spring, Maine, 14, 16. 
Fry's Soda Spring, Cal., 204. 
Fullwood. Springs, Ga., 81. 
Fulton Wells, Cal .. 204, 210. 
G. 
Galbraith's Springs, Tenn., 99, 103. 
Ganymede Spring, ill., 142. 
Gap Springs, Ark , 120. 
Garnett Springs, Ga., 81. 
Gomber's Well, Wis., 152. 
Gooch Mineral Springs, Te 
Goodrich Spring, Nev., 198-
Gordon Springs, Ga., 82. 
Gordon's Spring, Cal., 205. 
Goreham's Lick, Mo., 16.'5. 
Gower's Springs, Ga., 82. 
Graham's Springs, Tenn., 99-
Grand Haven Mineral Spr.i.D. 
Grand .Ledge Magnetic W e ll 
Granite Creek Hot Spring, ~ ~ E3 
Gray's Mineral Spring, Ark . 
Grayson's Hot Springs, Mon. -
Grayson Springs, Ky., lOf<, 112 
1 Grayson's Sulphur Springs, V-: 
Great Spirit Spring, Kans., 172 
Greenbrier White Sulphur Sp~ -
Greencastle Springs, Ind., J 35, 1 
Green Covo Springs, Fla., 86. 
Greene Springs, A.la., 89. 
Green Lawn Springs, Ill., 142. 
Green Mineral Spring, Ohio, 13.1, 
Green's Chalybeate Springs, Ark-
Green Sulphur Springs, W. Va. , 69-
Greenwood Spring, Miss., 95. 
Grey Sulphur Springs, W. Va. , 6 9,. 





Garrett Spring, S. C., 79. 
Gary Mineral Spring, Dak., 160. 
Geisinger Spring, Minn., lii8. 
Grigsby's (R. B.) White Sulphur ..a.1L.L..::i11::,:...;;=•1 1 1 
Ky., 108. 
Genoa Hot Springs, Nev. See Walley's Hot 
Grizzly Canon Springs, Cal., 205. 
Grove Springs, N. Y., 28. 
Springs. 
Georgia, mineral springs of, 81-85. 
Gcttyslmrg Katalysine Spring, Pa., 45, 47. 
Gettysburg Lithia Spring, Pa., 45, 48. 
Geuda Springs, Kans., 172. 
Geyser, N. Me.x., 194. 
Geyser, Utah, 185. 
Geysers, Sitka, .A.la.ska, 219. 
. Geyser Soda Spring, Cal., 205. 
Geyser pa ~pring, Cal., 211. 
Gey1::1er Springs, Sonoma Co., Cal., 204. 
Geyser Springs (Sara.toga), N. Y., 29, 39. 
Gibson's Spring, Tenn., 99. 
Gibson Wells, Tenn., 99. 
Gihon Springs, Wi ., 152,154. 
Gilbert, G. K., on thermal springs, 176. 
Gilb rt's Hot Springs, ev. See Sue Hot Springs. 
Gillen's White Sulphur Springs, Ark., 120. 
Gilroy Hot Springs, Cal., 205. 
Girard Min ral Well, Krul ., 172, 174. 
Given's E.ot Spring , Idaho, 181. 
GI n Alpine .Mineral pring , Cal., 205. 
1 n lpine Spring, N. C., 75, 77. 
Glen Ella. prin , Ga., 81. 
,.Jpn Flora prings, Ill., 1'2, 144. 
'l nn' ChalyhPat1> pring, Tenn., 99, l°'-
,lf,nn prin , \ ·i-. . J.i •!. 154. 
Guilford Mineral Springs, Vt., 19, 2 0. 
Guinn's Spring, W. Va., 69. 
Gum Springs, Ark., 120. 
Gunpowder Spring, Tex., 125. 
Guylyck & Gaylord's Spring, Pa., 4-5. 
Gypsum Spring, Ariz., 196,197. 
G_ypsum Spring, Iowa, 162, 163. 
Gypsum Spring, Nev., 198 . 
H. 
Racket's Sprin.!!', Wis., 152, JM. 
Haddon Mineral Well, Kans., 172 1, 
Hafer's Chalybeate Springs, Pa., • 
Ha"an's Spring , Va., 56. 
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Harkin's Sulphur Springs, Ind. Ter., 123. 
Harrell Springs, Ala., 89, 93. 
Harriman's Spring, Wis. Se6 Tallulah Minera~ 
Springs. 
Harriman's Sulphur Spring, Mo., 165, 169. 
Harrington Springs, Vt., 19. 
Harrison's Mineral Spring, Va., 56. 
Harrison Springs, Miss., 95. 
Harris Sulphur Springs, Tenn., 100. 
Harrodsburg Springs, Ky., 108, 114. 
Harrowgatt, Springs, N. Y., 28. 
Hartford Cold Springs, Me., 14, 16. 
Hartford Sulphur Springs, Ind., 135, 138. 
Hartsel Hot Mineral Springs, Colo., 188,192. 
Hartsville Spring, Ind., 135. 
Hart Well, W. Va., 70, 73. 
Hatchinhama Lake, Cal. , 205. 
Hathorn Spring (Saratoga), N. Y., 29, 39. 
Hauman Hot Springs, Colo. , 188. 
Hawkins's Chalybeate Springs, Ind., 135, 139. 
Haynes Mineral Spring, Vt., 19. 
Haywood White Sulphur Springs. N. C., 75. 
Hazel Dell Springs, Miss.,·95. 
Healing.Springs, .A.la., 89. 
Healing Springs, N. C., 75. 
Healing Springs, Va., 56, 60. 
Heard's Spring, GR.., 82. 
Helena Hot Springs, Mont., 178, 180. 
Helicon Springs, Ga., 82, 85. 
Henderson Mineral Springs, N. C., 75. 
Henderson's Springs, Tenn., 100. 
Heneks' Mineral Springs, Kans., 172, 174. 
Henryson's Artesian Well, Iowa, 162, 163. 
Hensley's Mineral Springs, Cal., 205. 
Henson Spring, Fla., 86. 
Henson's W hite Sulphur Springs, N. C., 75. 
Ilibbs's Soda Springs, Cal., 205. 
Hickman 's Springs, Ky., 108, 114. 
Hickory Creek Sulphur Spring, Ark. , 120. 
Riggins Spring, Ind., 135. 
Highgate Springs, Vt., 19, 21. 
Highland Springs, Cal. , 205, 212. 
High Rock Spring, Cal., 205. 
High Rock Springs (Saratoga), N. Y., 29, 39. 
Hilgard, E.W., on mineral springs of Mississippi, 
94. 
Hinson Spring, Tenn , 100. 
Holbrook Mineral Spring, Conn., 25. 
Holdeman's Artesian Well, Ill., 142. 
Holly Spring, R. I ., 24. 
Holsom-Back Springs, Miss., 96. 
Holston Spring1:1, Va., 56, 60. 
Holston Sulphur Springs, Va. See Chilhowee 
Sulphur Spring. 
Hoosier Spring, Fla.., 86. 
Hoplinton Springs, Mass. , 22. 
Horeb Mineral Spring, Wis., 152, 154. 
Horn's Mineral Springs, Tenn., 100. 
Horseshoe Springs, La. , 124. 
Hosea Saline Sulphur Springs, Ind. , 135. 
Hos-bi-t i-to Spring, Ariz., 196. 
l!ot Borate Springs, Cal., 205, 211. 
l:Iot Mud Sp rings, Cal., 205. 
llot Springs , Alaska, 219. 
l:iot Springs, on Rio San Francisco, Ariz., 196, 
197. 
Hot Springs, Ark., 120, 122. 
Hot Springs, Paoha Island, Mono Lake, Cal., 205, 
212. 
Hot Springs, South Fork, Navajo River, Colo., 188, 
191. 
Hot Springs, north of Fishing Falls, Idaho, 181, 
182. 
Hot Springs, Nev., 198, 199, 202. 
Hot Springs, Tex., 125. 
Hot Springs, near Salt L ake, Utah, 185, 187. 
Hot Springs, Va., 56, 61. 
Hot Sulphur Springs (Middle Park), Colo., 188, 191. 
Hot Sulphur Springs, Juab Co., Utah , 185. 
Hough's Spring, Cal., 206. 
House's Mineral Spr ing, Ill., 142. 
Houtze's Sulphur Springs, Mo., 165. 
Howard Lick, W. Va., 70, 73. 
Howard Springs, Cal. , 206. 
Howard Springs, Tenn. , 100. 
Howard's Sulphur W ell, Ky., 108,114. 
Howell Mineral 'Springs, Ky., 108. 
Howell's 8pring, Ala., 89. 
Howland Springs, Ohio, 131. 
Hubbard's Mineral Springs, Ark., 120. 
HulJbardston Magnetic Spring, Mich., 145,148. 
Hudson's Hot Springs, N. Mex., 194. 
Huffstetter's Chalybeate Springs, Ind.,.136. 
Hugenot Springs, Va., 56. 
H,ughes's Springs, Tex., 125. 
Humboldt Salt Well, Minn., 158, 159. 
Humphrey's Spring, W. Va., 70, 73. 
Hunter's Epsom Well, Mo., 165. 
Hunter's Hot Springs, Mont., 178, 180. 
Hunter's Magnetic Mineral E'ountain, W is., 152, 
154. 
Hurricane Springs, Tenn., 100, 104. 
Hutchinson's Sulphur Springs, Ark., 120. 
Hygeia Spring, Wis., 152,154. 
Hynson'slron Mountain Springs, Tex., 125. 
I. 
Idaho, mineral springs of, 181, 182. 
Idaho Hot Soda Springs, Colo., 188, 192. 
Idaho Springs, Tenn., 100. 
Illinois, mineral springs of, 142-144. 
Indiana, mineral springs of, 134.-141. 
Indian Encampment Spring (Saratoga), N.Y., 29. 
Indian Spring, Ky., 108, 114. 
Indian S-prings, Ga., 82, 85. 
Indian Springs, Ind., 136, 139. 
Indian Springs, Mo., 165. 
Indian Territory, mineral springs of, 123. 
Inglewood Springs, Minn., 158, 159. 
Inlow Springs, Ind., 136. 
Innis Sulphur Well, Ky., 108. 
Iodine Spring, N. Y. See Star Spring, Saratoga 
Springs. 
Iodine Springs, Vt., 19. 
Iodo-magnesian Springs, Wis., 152,154. 
Iola Mineral Well, Kan., 172,173. 
Iowa, mineral s-prings of, 161-163. 
Iowa Acid Spring, Iowa, 162. 
Irondale Springs, W. Va., 70, 73. 
Iron Hill Springs, Va., 56. 
Iron Lake Springe, Colo., 189. 
Iron Spring, Cal., 206. 
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Iron Spring (Ballston), N.Y., 27. 
Iron Springs, Colo., 189. 
Iron Springs, Utah, 185. 
Iron's Sulphur Spring, Ark., 120. 
Iuka Mineral Springs, Miss., 96. 
J. 
Jackson Springs, Ala., 89. 
Jackson SprinJ!s, N. C., 75. 
Jacob's Artesian Well, Wis., 152,154. 
James Mineral Spring, Ky., 108. 
Jarrett. Springs, Tex. See Red Springs. 
Jemes Hot Springs, N. Mex., 194,195. 
Jenkins's Springs, Ala., 89. 
Jenkins White Sulphur Springs, Tenn., 100. · 
Jericho Springs, Mo., 165. 
Jesse's Mineral Well, Ky., 108. 
Johnson's Wells, Ala., 89, 93. 
Jones's Sulphur Well, Tenn., 100,104. 
Jones's Warm Spring, Utah, 185, 187. 
Jones's White Sulphur and Chalybeate Springs, 
N.C., 75. 
Jordan Alum Springs, Va., 56, 62. 
Jordan's Mineral Well, Wis., 152, 154. 
,Jordan's Springs, Kans., 172. 
Jordan's Springs, Tenn., 100. 
Jordan White Sulphur Springs, Va., 56, 63. 
Jug Spring, Yellowstone Park, Wyo. See Lower 
Geyser Basin, Yellowstone National Park 
Springs. 
K. 
Kanawha Saline Spring, W. Va., 70. 
Kane Geyser Well, Pa., 45, 48. 
Kane Sulphur Spring, Pa., 45. 
Kannal Spring, Ind., 136. 
Kansas, mineral springs of, 171-175. 
Kansas Mineral Wells, Kans. See Manhattan Ar-
tesian Mineral Wells. 
Katahdin Mineral Springs, Me., 14. 
Kellum Sulphur Springs, Tex., 125. 
Kendall County Mineral Spriug, Tex., 125,127. 
Kentucky, mineral springs of, 106-118. 
Kentucky Alum Springs, Ky., 108, 114. 
Kenyon's Mill Spring, Conn., 25. 
Ke1n's Springs, Va., 56. 
Kessler Springs, Tex., 125. 
Kia-li-a-gee Springs, Ind. Ter., 123. 
Kimberling Springs, Va., 56, 63. 
Kinersley's Well, Iowa, 162. 
Kingsley Springs, N. Y., 28. 
King's Mineral Springs, Ind., 136. 
King's Sulphur Springs, Tenn., 100 
Kingston Springs, Tenn., 100. 
Kirby Springs, S. C., 79. 
Kirk Spring, Ky., 108. 
Kissingen Spring (, aratoa;a), N. Y., 80, 40. 
Kitson's Springs, Oreg., 215,217. 
Kittanning Mineral pring, Pa., 45, 48. 
Kittrell Spring , . c., 75, 78. 
Kllppert'e prin"', Tenn., 100. 
Knigh town prings, Ind., 136. 
Xnia ly'e prin,:t. , Ohio, 131. 
KDoll Spring , Utah, 186. 
K~tt~wa M.iner.il prin e, Ky., 108, 118. 
K5le • Hot pdnes, Nev., 199. 
L. 
Labatt'e Springe, La., 124. 
Lafayette Artesian Well, Jnd., 136, !.39. 
Lafayette Springs, :Miss., 96. 
Lake Auburn Mineral Spring, Me., 14, .16. 
Lake Sulphur Sprinµ: (Saratoga), N. Y •• 2P 
Lambden's Mineral Springs, Ind., 136. 
Landreth's Mineral Well, Mo., 165, 169. 
Lane Mineral Springs, Cal., 206. 
Lane's Spring, Cal., 206. 
Lansford Spring, Ala., 89. 
Lansing Magnetic Well, Mich., 145, 14-8. 
Las Cruces Hot Sulphur Springs, Cal., 206. 
Las Vegas Mineral and Hot Springs, N. Mex.,191, 
195. 
Las Vegas Springs, Nev., 199. 
Latonia Springs, Ky., 108. 
Lauderdale Springs, Miss., 96, 97. 
Lava Springs, Ariz., 196. 
Lawrence Mineral Springs, Ga., 82. 
Lawrence's Chalybeate Spring, N. C., 75. 
Lay's Springs, Ala., 90. 
Leach's Hot Springs, Nev., 199. 
Lea's Springs, Tenn., 100. 
Leay's Springs, Ark., 120. 
Lebanon Thermal Spring, N. Y., 28, 35. 
Lebanon White Sulphur Springs, Va. 
mondson'e Spring. · 
Lee's Spring, Ala., 90. 
Lee's Springs, Ark., 120. 
Lee's Springs, Kans., 172. 
Legg's Springs, Ga., 82. 
Leinster Springs, N. C., 75. 
Lem<>n's Chalybeate Springs, Ark., 120. 
Lemon Springs, N. C., 75. 
Len-a-pc Magnetic Springs, Ohio, 131, 133. 
Leonoland Spring, Tex., 125. 
Le Outre Lick Springs, Mo., 165. 
Le Roy Springs, Wyo., 183, 184. 
Leslie Magnetic Wells, :Mich., 146, 148. 
Lethean Spring, Wis., 152, 154. 
Lewis Centre Sulphur Springs, Ohio, 131. 
Lewis Spring. Mo., 165, 169. 
Lewis Spring, N. C., 75. 
Lexington Mineral Well, Ky., 108. 
Liberty Hot Springs, Colo., 189, 193. 
Liberty Springs, Va., 56. 
Lick Springs, Cal. Su Tuscan Springs. 
Lifsey's Warm Spring, Ga., 82. 
Ligon's Spri.llgs, Ala., 90. 
Limestone Springs, S. C., 79. 
Lincoln Valley Warm Springs, Idaho, 1.8%. 
Lindsay's Lick, Mo., 16:i. 
Line Spring, Tenn., 100. 
Linkville prinl!: , Oreg., 215. 
Linsey's Mineral Spring, Ky., 1 
Linwood • pring, Iowa, 162. 
Linwood Springs, Fla., 86, 87. 
Lithia prings, Va., 58. 
Little Geysers, Cal., 206, 
Little Yosemite Soda Sprin 
Litton's ltzer ~ pring, Cal., 206, 
Linngston A ian Well Al , 
Living t-OD warm prln lion 
Lloyd's prin , lld., 52. 
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Lockport Mineral Spring, N. Y., 29, 35. , 
Locomotive Springs, Utah, 186. 
Lodi Artesian Well, Ind., 136, 139. 
Lone Fountain, Va. , 56. 
Longmuir's Well, N. Y. See Doxtatter'e Mineral 
Well. 
Long's Springs, La., 124. 
Loudermilk Sulphur Spring, N. C., 75. 
Louisburg Gas Wells, Kans., 172. 
Louisiana, mineral springs of, 123, 124. 
Louis Spring, Mo., 166. 
Louisville Artesian Well, Ky., 108,115. 
Louisville Springs, Kans., 172. 
Lou-Lou Fork Hot Springs, Mont.; 178. 
Love's Springs, S. C., 79. 
Lovett Sulphur Springs, Pa., 45. 
Lower Soda Spring, Oreg., 215. 
Lower Soda Springs, Cal., 206. 
Lowe's Spring, Wis., 152, 155. 
Low's Sulphur Springs, Tenn., 100. 
Lubec Saline Springs, Me., 14, 15. 
Ludlow Mineral Spring, Me., 14, 
Lum,nburg Chalybeate Mineral Spring, Vt., 19. 
M. 
McAllister Springs, Mo., 166. 
McBride's $piing, Tenn., 100. 
McBride's Springs, N. C., 75. 
McCalister's Soda Springs, Oreg., 215. 
McCarthy's Hot Springs, Cal., 206. 
McCarthy's Mineral Springs, Pa., 45, 48. 
McCorkle's Spring, Ala., 90. 
McDaniel's Mineral Springs, Ill., 142. 
McElroy's Spring, Pa., 45. 
McEwen's Springs, Tenn., 100 .. 
McHenry's Thermal Spring, Va., 56, 60. 
Machiasport Spring, Me., 14. 
Mack's Sulphur Springs, Tenn., 100. 
McVitty's Spring, Pa., 45, 48. 
Madison Spring, Ga., 82. 
Madrid Springs, N. Y., 29. 
Madrone Mineral Spring, Cal., 206. 
Magnesia Spring, Fla., 86. 
Magnesia Spring, Ga., 82. 
Magnesia Spring, W. Va., 70, 73. 
Magnesia Springs, Va., 5G. 
Magnetic Spring, Iowa, 16'2. 
Magnetic Springs, Cal., 206. 
llagnetic Well, Wis., 152, 154. 
.Magnolia Spring, Ga., 82. 
Maine, mineral springs of, 13-16. 
MajorShtlVfr Sulphur Springs, Ala., 90. 
Malheur River Springs, Oreg., 215. 
Mammoth Hot Springs (Yellowstone Nationa.l 
Park), Wyo., 184. 
Mammoth Spring. Ark., 120. 
Mammoth Well, Ky., 108. 
Manasquan Spring, N . .J., 42. 
Manganus Springs, N. C., 7:'i. 
Manhattan Artesian Mineral \Vella, Kans., 172. J 73. 
Manitou Sp1in~s. C<,lo., 189, 192. 
Marion ..lrtesian Well, Ind., 136, 139. 
.Market Squaro Sprin~, Wis., 152, 155. 
:Mark West Springs, Cal., 206. 
:::\iartin Springs, Tex., 125. 
Martin's Spring, Vt., 19. 
Maryland, mineral springs of, 51-53. 
Massachusetts, mineral springs of, 21-23. 
Massanetta Mineral Springs, Va., 56, 63. 
Massena Springs, N. Y., W, 37. 
Massie's Sulphur Spring, Ohio, 131. 
Matilija Hot Springs, Cal., 206. 
Matthew Oiian's Well, Ohio. See Wyandot Mag-
netic Well. 
Matthew's Warm Springs, Mont., 178, 180. 
Mattock's Spring, Ark., 120. 
Maulsby's Spring (Well}, Iowa, 162. 
Maybury Springs, Ark., 120. 
Mayfield's Spring, Incl., 136. 
May's Springs, Pa., 45, 48. 
Mechem's Spring, W. Va., 70. 
Medical Lake, Wash. Ter., 218. 
Medicine Creek Hot Springs, Mont., 17o. 
Medicine Creek Spring, Dak., 160, 161. 
Melrose Springs, Tenn., 100. 
Mendon Mineral Springs, Mass., 22. 
Meramec Springs, Mo., 166. 
Merriwether's Epsom Springs, Mo., 166. 
Mershon's Black Sulphur Springs, Ohio. Su 
Chenowith's Black Sulphur Springs. 
Mesquit Springs, Nev., 199. 
Messinger's Sulphur Spring, Ohio, 131. 
Michigan, mineral springs of, 145-150. 
Michigan Congress Spring, Mich. See Lansing 
Magnetic Well. 
Middleton Spring, Tex., 125. 
Middletown Mineral Springs; Vt., 19, 20. 
MidlanclMagnetic Well, Mich., 146,148. 
Milburn Springs, Ind., 136. 
Miles City Artesian Well, Mont., 178, 180. 
Milford Springs, N. H., 17. 
Milhonr Springs, Ala., 90. 
Millborough Springs, Va., 56. 
Mill Creek Apollinaris Spring, Mont., 178, 180. 
Milldale Mineral Well, Ky., 115. 
Miller's Hot Springs, Nev., 199. 
Miller'i:l Mineral Well, Ky., 108. 
Mills's Mineral Spring, Cal., 206. 
Mil,lstead's All Healing Mineral Spring, N. C,, 75. 
Mineral Artesian Wells, Ind., 136. 
Mineral Hill Hot White Sulphur Springs, Nev. 
199. 
Mineral Hill Springs, Tenn., 100. 
Minora,l Park Bitter Springs, Ariz., 196, 197. 
Mineral Park Well, Colo., 189 . 
Mineral Rock Spring, Wis., 152, 15:i. 
Mineral Spring, Encino Ranch, Cal., 206, 212. 
Mineral Spring, Grizzly Canon, Cal., 206. 
Mineral Spring, Karn,., 172. 
Mineral Spring, neal' Trvino, Ky., 109,115. 
• Mineral Spring (Pool), Shutesbury, Mass., 22. 
Mineral Spring Artesian vVell, Wis., 152. 
Mineral Spring;,, .Apache Co., A l'iz., 196. 
Mineral SpL'ings, Conn., 25 . 
Mineral Springs, Coweta Count>·, Ga., 82. 
Mineral Springs, Lit., 124. 
Mineral Springs, Cayuga Co., N. Y., 29. 
Mineral Springs, :',choharie Co., N. Y., 29 . 
Mineral Springs, W. Vii., 70. 
Mineral Springs and Artesian Wells, Ind., 136. 
Mineral Well, Bates Co., Mo., 166. 
(3,Yi) 
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Min<•ral Well (Pierre), Dak., l60, 161. 
Miueral Well, Intl., 136. 
Minera,l ·Well (Smith's Grove), Ky., 109,' 115. 
Mineral Well, Mich., 146. 
INDEX. 
Nanticoke Snlt>hur Springs, N. Y. ,. 
Mineral Well (Tracy Station), Minn., 158, 159. 
Mineral Well, N. C., 75, 78. 
Napa Soda Springs, Cal., 207, 211 
Nashville Sulphur Spring (artes:iai:I 
National Springs, Ark. 120. 
enn.,1oc 
Mineral Well, Ohio, 132. Nave's Warm Spring, 11.onL, 178. 
Mineral Well, S. C., 80. Nebraska, mineral springs of, 171. 
Mineral Well, W. Va., 70. 
Mineral ·wens (artesian), Iowa, 162. 
· Mineral vVells, Miss., 96. . 
Mineral Wells, Palo Pinto County, T.ex., 126, 127. 
Minerva Mineral Spring, Ind., 136. 
Nelson Springs, Nev., 200. 
1
,.,_ 
Nemahbin Mineral Spriiigs, \Vis., 15 «> -
Nevada, mineral springs of, 197-202 . 
Nevada Mineral Springs, Mo., 166. 
Nevien's Sulphur Springs, Ky., 109. 
Minnehaha Spring (Saratoga), N. Y., 29. 
Minneqna Springs, Pa., 45. 
Minnesota, mineral springs of, 158, 159. 
Mint Spring, Mo., 166. 
Misenheimer's Sulphur Springs, N. C., 75. 
Mishenvan's Springs, N. C., 75. 
Missisquoi Spring, Vt., 19. 
Mississippi, mineral springs of, 94-97. 
Mississippi Springs, Miss., 96. 
Missouri, mineral springs of, 164-170. 
Mitchell's Chalybeate Springs, Ark., 120. 
Mixed Spring, Ky., 109. 
Moodyville Mineral Springs, Kalis., 172. 
Mooresburg Spring, Tenn., 100. 
Moore's Springs, .A.la., 90. 
Mooresville Mineral Springs, Mo., 166, 169. 
Moorman Well, Mich., 146,150. 
Monngaw Sulphureted Springs, Mo., 166. 
Moncrief Spring, Fla., 86. 
Mono Basin Warm Springs, Cal., 206,212. 
Mono Lake, Cal., 206, 212. · 
Monroe Hot Springs, Ariz., 196. 
Monroe Spring (Saratoga), N. Y. , 29. 
Monroe Springs, N . Y., 29. · 
Montana, mineral springs of, 177-180. 
Montebello Springs, Vt. See Newbury Springs. 
Montesano Springs, Mo., 166, 170. 
Montgomery White Snlphur Springs, Va., 56. 
Montvale Springs, Tenn., 100, 104. 
Morgan Springs, Tenn., 100. 
Morrison Springs, Colo., 189. 
Moultonborough Mineral Spring, N. H., 17. 
Mound Soda Spring, Colo., 189. 
Mound Springs Utah, 186. 
Mound Valley Spring, Kans., 172. 
Mountain Glen Hot Springs, Cal., 206. 
Mountain Valley Springs, Ark., 120, 122. 
Mount Airy Springs, Ga., 82. 
Mount Clemens Mineral Springs, Mich., 146. 
Mount Mineral Springs, Ma s., 22. 
Mount Nebo Springs, .A.rk., 120. 
Mount Nebo, prings, Tenn., 100. 
Mount ll,oyal prings, ]'la., 86. 
Mount Vernon Mineral Springs, N. C., 75. 
Mount Zircon pring, M ., 14. 
Muddy prings, Nev., 200. 
Mucl pring, Ky. ee, uddnrb pring. 
Mud Pring ev., 200 
Multona. prwg , .Mi ., 06. 
Mung I' pnug, Va., 56. 
Murphy' v n Pring., Kau:i., 172, 173. 
nrray' ·priu~ , Ky., 100, 11.5. 
lrui, rd'a llw ral prio v ., 56. 
Newark Magnetic Springs, Ohio, 132. 
New Baden Springs, Mo., 166, 169. 
Newbury Springs, Vt., 19, 21. 
New Hampshire, mineral springs of. 17, 
New Hollands Spring, Ga., 82. 
New Jersey, mineral springs of, 42, 43. 
New Mexico, mineral springs of, 193-195. 
New Point Comfort Springs, Ind. See Ho 
Sulphur Springs. 
Newport Sulphur Springs, Fla. , 86. 
New River White Sulphur Springs, Vas, 56.. 
New Saratoga Springs, Wis., 152,155. 
SaliL! 
Newsom's Arroyo Grande Warm Springs, CaJ., 207 
Newsom's Springs, .A.la., 90. 
New Sour Lake, Tex. See Saratoga Springs.. TeL 
New Spring, S. C., 80. 
Newton & Jenney, on mineral springs of Dakota, 
160. 
Newton Springs, Ark., 120. 
New York, mineral springs ot; 26-41. 
North Carolina, mineral springs of, 74, 78. 
Northern .Atlantic States, mineral springs ()! 
12-49. 
Northern Central States, mineral springs of., 1.29-
175. 
North Waterford Springs, Me., 14, 15. 
North Wolcott Spring, Vt., 19. 
Norwalk Mineral Well, '{Vis., 152. 
Norwood Springs, Tenn., 100. 
Not-tahn-de-let Spring, .A.riz., 196. 
Nunda Mineral Springs, N. Y., 29, 35. 
o. 
Oak Orchard .A.cid Springs, N. Y., 29, 37. 
Oakton Springs, Wis., 152, 155. 
Ocean Springs, Miss., 96, 97. 
Ochee Springs, R. I., 24. 
OconeeChalybeate prin,g , Ga.., 82. 
Oconee White ulphur 'pring, Ga., ~ .. 
Ogemaw Mineral prin~ , Mich., 146. 
Ohio, mineral sprinf! of, 130-134. 
Ohio Magnetic prin,g, Ohio, 132. 







plan prings, Ky., 109, 116, 117. 
pring, Yellowstone Park, Wyo. See Gib-
Geyser Basin, Yellowstone National Park 
prin~s. 
ir lline Water, Nev., 200. 
Oran~e pring, Fla., 86. 
On:~on. mineral sprin:zs of, 215-217. 
ne: prings, Va., bti. 64. 
k. ulpbur Spring, W. Va., 70. 
m. Eowanl, ou mineral springs of Ohio, 130. 
,Ia ·prings, Mo., 166. 
!O Mineral Spr1ngs, Mich., 146, 149. 
t'• Wtll, Ind., 136, 139. 
Ottumwa Medical Springs, Iowa, 162, 163. 
) Mineral Springs, Colo., 189. 
tram prings, Md., 52. 
watonna .Mineral Springs, Minn., 158, 159. 
Owen's Lake, Cal., 207. See, also. Castalian Min-
eral Water. 
Owen's Mineral Well, Mich., 146, 150. 
Owo a Cba.lybeate Spring, Mich., 146, 149. 
Oxford Spring, Conn., 25, 26. 
P. 
Pacific CongreRs Springs, Cal., 207, 211. 
P •rt's Hot Springs, Cal., 207. 
Pago a Springs, Colo., 189, 193. 
Pabgun Spring, Ariz., 196. 
P Int Lick Mineral Well, Ky., 109, 118. 
Paint pring, N. J., 42. 
P mer's Springs, Va., 56. 
Palmyra prings, Wis., 152, 155. 
Palo Pinto Mineral Well, Tex:., 126, 127. 
Panacea Springs, N. C., 75, 78. 
Paradi11 ,'pring, .Me., 14, 15. 
Par iso Spring, Cal., 207, 214. 
Par' Cbalybeate prings, ~o., 166. 
Par t'rsburg Min ral "\Velis, W. Va.,70, 73. 
Parhr' :;ulphur 'pring, Tenn. , 101. 
Parks Alkaline Mineral pring, N. C., 75, '78. 
Park Spring, Wis., 152, 157. 
Parn sus , prings, Colo., 189, 193. 
Paro,1uet prings, Ky., 109, 115. 
Patf': ur Well, Tex., 126, 128. 
Patteroon Springs, 4' • C., 76. 
P tter on's prings, 'l'enn., 101. 
Pa\'ilion pring ( aratoga), N. Y., 29, 40. 
Panon Min ral pring, Oreg., 210. 
P body piin_gs, Colo. See Seltzer Mineral 
pnngs. 
P cock pring, In,1., 136. 
P rl Geyser, Yellowstone Park, Wyo. See Gib-
bon Geyser Basin, Yellowstone National Park 
, prin 8. 
Pearson·b ::;ptings, Cal., 207. 
Pecan 'pring, Tex., 126. 
Pex.nsyl,ania, min ral springs of, 4~0. 
Pt'Ilnyw:i Sulphur Springs, A.rk. , 121. 
Pencla ian • p:~ 'prings, Wis., 152. 
Perry County Warm . •priug, Pa., 45. 
Perry. prwg , J l., 143, 144. 
PC'..r'JjTille. alt Well, Ark., 121. 
Pe roleum Sprin •, Cal. 207. 
Pet gr -w W 11ite Snlpnur Spring , Tenn., 101. 
Pe rui.e 'prings, /J. la .• !JO. 
Pfi 1 ' Mineral Sp:riiw, Kans., 172, 175. 
Phifer's Chalybeate Springs. Ill., 14:l. 
Phceni:x: Mill Sulphur Spring, Iowa, 162. 
Pickwick White and Red Sulphur Springs, Tenr 
101. 
Piedmont Springs, N. C., 76. 
Piedmont Sulphur Springs, Tex., 126. 
Piedmont White Sulphur Springs, Cal., 207. 
Pine Grove Mineral Spring, N. H., 17, 18. 
Pinkerton Springs, Colo., 189. 
Pinkham Mineral Spring or Well, Wash. Ter., 218 
Pipestone Springs, Mont. , 178. 
Piqua Mineral W ells, Kans., 172, 175. 
Pitcher Springs, N. Y., 20. 
Pittsford Sulphur Springs, N. Y., 29. 
Plainfield Springs, Vt., 19. 
Poinsett's Spring, S. C., 80. 
Poison Springs, N . C. See Leinster Springe. 
Poland Silica Springs, Mc., 14, 15. 
Poland·,Spring, Me., 14, 16. 
Pollard's Mineral Well, Ky., 109, 115. 
Ponce de Leon Spring, Ga., 82. 
Poncho Hot Springs, Colo., 189. 
Porter Springs, Ga., 82. 
Porter's Springs, Colo. , 189. 
Porter's Springs, Texas, 126. 
Powder Springs, Ga., 82, 85. 
Powder Springs, Tenn. , 101. 
Powhatan Lithia and Alum Springs, Va., 56, 
Preston's Spring, Va., 56. 
Prewett's Well, Mo. 
Price's Chalybeate Spring, Tenn., 101. 
Prirnm's Springs, Teim., 101,105. 
Prospect Park Mineral Springs, Iowa, 162. 
Pulaski Alum Springs, Va., 56, 63. 
Puller's Springs, :)'t[ont .. 179. 
Putnam Spring (Saratoga), ~- Y., 29, 40. 
Pylant's Springs, Tenn. See Cascade Springs. 
Q. 
Quitman Red Sulphur Springs, Miss., 96. 
Quitman Red Sulphur Springs, Mo. , 166. 
R. 
Rabourn Sulp_hur Springs, Ark., 121. 
Rahr's Artesian Well, Wis. , 152, 155. 
Raleigh Mineral Springs, Tenn., 101, 105. 
Randolph M edical Springs, Mo., 166,170. 
Ra,enden 8prings, Ark., 121, 122. 
Rawley Springs, Va. , 56, tl3. 
Recapitulation, 220. · 
Red Blufl'Springs, Nev., 200. 
Red .Boiling Springs, Tenn .. 101,105. 
Red Cre k Springs, Colo. oee Parnabsu s Springs. 
Red Springs, Texas, 126. 
Reel prings, Utah, 18G. 
Red Sulphur Spring1:1, Ga., 82. 
Retl Sulphur Springs, T ·nu ., 101. 
Red SulphurSpriugs, W. Va., 70, 73. 
Jte,l Sweet Springs, Va. See Sweet Uhalybea.te 
Springs. 
Reed and L yon White ulphur Spring, Pa., 45. 
Reedy Springs, S. C. , 80. 
Reid's Mineral pring, N. Y., 29. 
Reiger Springs, Mo., 166. 
Rhea pringa, Tenn., 101. 105. 
(359'; 
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Rhode Island, mmeral springs of, 24. 
Rice's Springs, Ark. See Warm Springs. 
Richfield Springs, N. Y., 29, 37. 
Richmond Spring, Wis., 152,155. 
Ridgeway's Spl'ings, Md., 52. 
Riga Mineral Springs, N. Y., 29. 
Rinnah Wells Springs, Ill., 143. 
Riverside Magnetic Mineral Springs, ,Mich . 146, 
147. 
River Springs, lld., 52. 
Roanoke Red Sulphur Springs, Va., 57, 67. 
Robb's Chalybeate Spring, Ky., 109. . 
Robinson's Mineral Springs, Idaho, 182. 
Robinson Spring, Tenn., ·101. 
Robinson's Springs, Tenn., 101. 
Rocheport Sulphur Springs, Mo., 166. 
Rochester Cbalybeate Spring, Ind., 136. 
Rochester Springs, Ky., 109. 
Rockbridge Alum Springs, Va., 57, 65. 
Rockbridge Baths, Va., 57. 
Rockcastle Springs, Ky., 109, 117. 
Rock Enon Springs, Va., 57, 67. 
Rockford Artesian Wells, Ill., 143,144. 
Rockingham Virginia Springs, Va., 57. 
Rock Spring, Fla., 86. 
Rocky Mountain Springs, Colo., 191. 
Rocky River Springs, N. C., 76. 
Roper Mineral Wells, A.la., 90, 93. 
Rosicrusian Spring11, Me., 14, 16. 
Ross Mineral Springs, Ill., 143. 
Ross's Hole Hot Springs, Mont., 179. 
Rotten Egg Springs, N1w., 200. 
Rough Creek Springs, Ky., 109. 
Rowland Springs, Ga., 82. 
Royston's Chalybeate ~prings, Ark., 121. 
Russell, I. C., description of the G,reat Basin, 176. 
Russell_Sulpbur Springs, Ky., 109. 
Ryan's Hot Springs, Mont., 179. 
Ryde,:'s Blood Spring, A.rk. See Blood Spring. 
s. 
Sailor's Springs, TI]., 143. 
St. Andrew's Well, Miss., 96. 
St. Bernard Springs, Ky., 109. 
Saint Clair Mineral Spring, Mich., 146, 149. 
Saint Croix Mineral Spring, Wis. , 152, 155. 
Saiut Louis Artesian Well, Mo., 167. 
Saint L?uis Magnetic 'pring, Mich., 146, 149. 
Saint Regis Springs, N. Y. See Mass ua Springs. 
St. Ronan'R Well, 11111 .. 137, 141. 
St. Ilonan ·H Well, .11 ·ss., 96. 
,.aint Vincent's Salt Well, Minn. 158. 
, aline Lake, on Bea'\°'er IE<lantl, in PribyloffG!'oup, 
Ala. kn. 219. 
·alinl• i:-prin~, Pa., 45. 
Saline Spri atih. Ter., 218. 
alt Crc . , Colo., 1 9. 
Saltill ·y,rings, I', . 
1; . 
, nu :pri11 , tnh , I , I 7 . 
• , 11 G .
. 86. 
166. 
Salt Springs, Neb., 171. 
Salt Sulphur Springs, W. Va .. 70 73 
Salt Sulphur Well, Ky., 109. 
Salt Well, Nev., 200. 
Salt Wells, Cal., 207. 
Salubrian Springs, Ky., 109. 
Saroaritan Springs, La., 124. 
Samoset Mineral Springs, Me., 14, 15 
Sam's Creek Springs. Tenn. , 101. 
San Bernadino Hot Springs, Cal., 207, 213. 
Sand Cave Spring, A. riz., 196. 
Sand Creek Mineral Spring, Ind. , 136. 
Sanderson Spring, Vt. , 19. 
San .Juan Capistrano Hot Springs, Cal., 206, 213. 
San Marcos Sulphur Springs, Cal., 207. 
San Rafael Springs, Cal., 207. 
Sans Souci Spring (Ballston) , N. Y., 27, 33. 
Santa Barbara Hot Sulpbur Springs, Cal., 207, 213. 
San Ysidro Spring, N. Mex., 194, 195. 
Saratoga A (or alum) Spring (Saratoga), N. Y .. 29 
40. 
Saratoga Seltzer Spring (Saratoga), N. Y., 29, 4-0. 
Saratoga Spring, Cal., 207. 
Saratoga Springs, Ark., 121. 
Saratoga Springs, Mo., 166. 
Saratogo Springs, N. Y., 29, 38-41. 
Saratoga Springs, Tex., 126. 
Saratoga Springs, Wyo., 183. 
Saratoga Sulphur Spring, Nebr., 171, 
Sauquoit Sulphur Spring, N. Y., 29. 
Sawyer's Spring, Ark.,121. 
Scarborough Mineral Spring, Me., 14, 15 
Schellburne Hot Springs, Nev., 2u0. 
Schooley's Mountain Spring, N . .J., 42, 43 
Schuyler County Spring, lll., 143, 144. 
Schweickbardt's Spring, Wis., 152, 155. 
Scoby's Springs, Ark., 12 l. 
Scott's White Sulphur Springs, Ark., 121. 
Searcy Sp1ings, Ark., 121. 
Sebree Springs, Ky., 109,112. 
Seco Springs, Ind. Ter., 123. 
Seigler Springs, Cal., 207. 
Seltzer Mineral Sprrugs, Colo., 189, 192. 
Sen<'ea Mineral Springs, S. C., 80. 
Seneca Spa Springs, N. Y., 30. 
Seven Springs, -. C., 76. 
Seven Springs, Tex., 126. 
Seven Sprinp;s, Va., 57, 67. 
Shady Grove Spri, gs, Tellil., 101. 
Shafer's Hot, pring , Cal., 207,214. 
Shannontlale prings, W. Va., 'iO, 73. 
Shanto prings, Ariz., 196. 
Sharon Springs, T. Y., 30, 36. 
Sharon prin"' , Va., 57. 
harpnack's Well. W. Va., 70. 
Shawne Minero! prinl! , :Uich., l 
Shaw' H alin, pring , • .'. C., ,6. 
haw'. Hot. print,. ~- ,· .. 200. 
haw' Iagal'li .'prin!! . . Colo., 1 
h •alti I Min rnl .'pnu~. , Wi,. '. 1· -:. 
hPl>o.,·!!,111 :\Iin,•ral pnn!!., W1,. , 1 -
, I.nd., l ,. 
, t., 10. '.?1. 
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Shenandoah Alum Springs, Va., 57, 67. 
Sheridan Springs, Wis., 152, 156. 
Shocco Springs, .A.la., 90. 
Shocco Springs, N. C., 76. 
Shover's Spring, Ark., 121. 
Silcott's Springs, Va., 57. 
Siloam Springs, Ark,, 121. 
Siloam Springs, Iowa, 162, 163. 
Siloam Springs, Mo., 166. 
iloam Springs, Wis., 153, 156. 
Silurian Spring, Wis., 153,156. 
Silver Spring, Fla., 86. 
Simmons's Hot Sulphur Springs, Cal., 207, 
Skaggs's Hot Springs, Cal., 207, 211. 
Slaterville Magnetic Springs, N. Y., 30. 
Smalley's Black Sulphur Spring, Ohio, U2. 
Smith's Springs, Miss., 96. 
Smith's Springs, Tenn. See Fernvale Springs. 
Smoky Valley Geysers, Nev., 200. 
Snake Run Spring, Va., 57. 
Snowden Mineral Springs, Oreg. Su Payton 
Mineral Spring. 
Social Hill Mineral Spring, Ky., 109. 
Soda Lake, Cal., 207, 1112. 
Soda Lakes, Nev., 200,202. 
Soda Lakes, Wyo., 183. 
Soda Pond, Cal., 207. 
Soda Spring, Wash. Ter., 218. 
Soda Springs, Nev., 200. 
Soda Sp1ings, New Mex., 194. 
Sodaville Springs, Oreg., 216. 
Solfataire, Oreg., 216. 
Sour Lake Mineral Springs, Tex., 126, 128. 
Sour Springs, Tex., 126,128. 
South Carolina, mineral springs of, 79, 80. 
Southern Atlantic States, mineral springs of, 50-8'7. 
Southern Central States, mineral springs of, 87-128. 
South Park Springs, Colo., 190. 
South Saratoga Springs, Tenn., 101. 
Sowder's Spring, Ky., 109, 117. 
Sparkling Catawba Springs, N. C., 76. 
Sparta Mineral Wells, Wis., 153,166. 
Spa Spring, Md., 52. 
Spa Spring, N. J., 42. 
Spa Spring, W. Va., 70. 
Spaulding Springs, Mo., 167, 
Speakses Springti, Ala., 90. 
Spencer prings, N. Y., 30. 
Springfield Spring, Ga., 82. 
Spring Lake Magnetic Well, Mich., 146,149. 
Springs of Dos Palmas, Cal., 208, 210. 
Spring Valley Sprlngs, Ill., 143,144. 
Stafford Springs, Conn., 25. 
Stafford Springs, Va., 57. 
Starin's Sulphur Spring, Wis., 153. 
Stark Mineral pring, Conn., 25, 26. 
Star Sprinj! (Saratoga), N. Y., 30, 41. 
State Salt Springs, Ark., 121. 
team boat prinllS, Cal., 208. 
Steamboat Springs, Colo., 190. 
Steamboat Springs, Nev., 200. 
Stephtnson's prings, Ala., 90. 
Stevenson's Sulphur , prin~s, Fla., 86. 
Stewart's Ilot pring➔, Cal. , 208. 
Stewart's prings, A.la., 90. 
Btice's Spring, .Mo., 166. 
Stinking Spring, N. Mex., 194, 
Stinking Springs, Colo., 190. 
Stonewall Springs, N. C., 76, 
Storm Lake Mineral Springs, Iowa. Bu Cbam-
bedain Mineral Springs. 
Stovall's Spring, Miss., 96. 
Strader's Mineral Spring, N. C., 76. 
Stribling Springs, Va. , 57, 66. 
Strong's Mill Spring, Conn., 25. 
Stroll.tia Mineral Spring, Md., 52. 
Stryker Mineral Well, Ohio, 132, 133. 
Sudbury Mineral Springs, Vt., 19. 
Sudduth Spring, Ky., 109. 
Sudley Springs, Va., 57. 
Sue Hot Springs, Nev., 200. 
Sue Spring, N. C. , 76. 
Sugar-Loaf Springs, Ark., 121. 
Sullivan's Mineral Springs, Ala., 90. 
Sulpho-Chalybeate Spring, N. H., 17. 
Sulphur and Chalybeate Springs, Ark., 121. 
Sulphur and Chalybeate Springs, N. C., 76. 
Sulphur and Chalybeate Springs, Ohio, 132. 
Sulphur and Chalybeate Springs, Va., 57. 
Sulphur and Iron W ells, Howard Co., Iowa, 162. 
Sulphur Lake, Unimak I sland, Alaska., 219. 
Sulphur Lake, Wash. Ter., 218. 
Sulphur' Mineral Well, Ky., 110,115. 
Sulphur Powder Springs, Ill., 143. 
Sulphur Spring, Conn. , 25. 
Sulphur Spring, Cochise Co., Ariz., 196. 
Sulphur Springs, Ala., 90. 
Sulphur Springs, south end of San Fernando 
Mountain, Cal., 208, 212. 
Sulphur Springs (Devil's Lake), Dak., 160. 
Sulphur Springs, Iowa, 162. 
Sulphur Springs, Cloud Co., Kans., 172, 174. 
Sulphur Springs, La., 124. 
Sulphur Springs, Mass., 22. 
Sulphur Springs, Pipe Stone Co., Minn., 158. 
Sulphur Springs, Mo., 167. 
Sulphur Springs, Nev., 200. . 
Sulphur Springs, N. Mex., 195. 
Sulphur Springs, N. C., 76. 
Sulphur Springs, Fayette Co., Tex., 126. 
Sulphur Springs, Hopkins Co., Tex., 126. 
Sulphur Rprings, Russell Co., Va., 57. 
Sulphur Well, Ind., 137. 
Sulphur W ell, Bates Co., Mo., 167. 
Sulphur Well, N. Y., 31. 
Summit Mineral Spring, Me., 14, 15. 
Summit Soda Springs, Cal., 208, 214. 
Snmterville Mineral Spring, Fla., 86. 
SuthP.rland Springs, Tex., 27. 
Suwannee Springs, Fla.., 86. 
Swayne's Mineral Spring, Tenn. See Artesian 
Well. 
Sweeney's Springs, Pa. See Caledonia Springs. 
Sweet Chalybeate Springs, Va., 57, 67. 
Sweet Springs, Randolph Co. , Mo., 167. 
Sweet Springs, Saline Co., Mo., 167, 169. 
Sweet Springs, W. Va., 70, 73. 
Sweet Sulphur Springs, Mo. See Copperas 
Springs. 
Swift's Rot Springs, Nev. See Shaw's Ho; 
Springs. 




Tahoe Springs, Cal., 208. 
Taliaferro Springs, Ky., 110. 
Talfadega Sulphur Spring, .A.la., 90, 93. 
Tallahatta Springs, .A.la., 90. 
Tally's Springs, Va., 57. 
Tarpon Springs, Fla., 86. 
Tar Spring, Lawrence Co., .A.la., 90. 
Tar Springs, Dickiion Co., .A.la., 90. 
Tar Springs, Ind., 137, 139. 
Tar Springs, Kans., 172. 
Tar Springs, Ky., 110. 
'.I'assajara Hot Springs, Cal., 208. 
Tate's Epsom Spring, Tenn., 102, 105. 
Tawawa Springs, Ohio, 132. 
Taylor's Springs, .A.la., 91, 94: 
Taylor's Springs, Va. See Massanetta Mineral 
Springs. 
Tazewell Sulphur Springs, Va., 57. 
Tecumseh Sulphur and Chalybeate Springs, .A.la., 
91. 
Tallulah Mineral Springs, Wis., 153,156. 
Tennessee, mineral springs of, 97-106. 
Terre Haute Artesian Well, Ind., 137, 140. 
Terries Springs, Tenn., 102. 
'1:exas, mineral springs ttf, 124-128. 
Texas Sour Springs, Tex., 127. 
Thermal Acid Springs of Coso Range,Cal.,209,210. 
Thermal Spring, Utah, 186. 
Thermal Wells, Wash. Ter., 218. 
Thomas Mineral Spring, .A.rk., 121. 
Thomas'sMineral Wells, Ind., 137,140. 
Thorp's Springs, Texas, 127. 
Three Springs, Pa., 45_. 
Thundering Spring, Ga., 82. 
Tilford's Mineral Well, T enn., 102,105. 
Tipton Well, Miss., 96. 
Todd Spring, Ala. , 91. 
Togas Spring, Me., 14. 
Tolenas Springs, Cal., 209, 214. 
Tomichi Hot Springs, Colo., 190, 
Trentham SpringR, Ga., 82. 
Trice's Salt Sulphur Well, Ky. , 110,117. 
Trimble Springs, Colo., 190. 
Trinity Spring::!, Ind., 137, 139. 
Tr:ipp Springs, Colo., 100. 
Triton Spring ( aratoga), N. Y., 30, 40, 
Tule River oda Springs, Cal., 209. 
Turkey Chalybeate Sprin<>"s, .A.rk., 121. 
Turner Springs, Fla., 86. 
Tu can prings, Cal., 209. 
Twin prings, Idaho, 182. 
Twin· prings, Mo., 167. 
Tyree's Spring, T nn , 102. 
u. 
al., 200, 213. 
n 'olo., 190. 
6. 
I T• •1 30, 41. 
II. ton), ... •. Y., 27, 33. 
ratog, ), T. , 30, '1. 
111ty 'prin . 
I 
Unity Springs, N. H., 17, 18. 
UpperSoda Springs, Oreg., 216. 
Utah, mineral springs of, 185-187. 
Utah Hot Springs, Utah, 186.187. 
Utley Mineral Spring, Wis., 153, 157. 
v . 
Valhermosa Springs, .A.la., 91. 
Vallejo Sulphur Springs, Cal., 209. 
Vailey View Springs, Va., 57. 
Vallonia Springs, N. Y., 31. 
Van Cleave Mineral Springs, Ind., 137,140. 
Van Patten's Spring, .A.rk., 121. 
Variety Springs, Va., 57, 67. 
Vermont, mineral springs of, 18-21. 
Vermont Springs, Vt., 20. 
Vernal Springs, Miss., 96. 
Verona Mineral Springs, N. Y., 31, 34. 
Versailles Mineral Springs, m:, 143,144. 
Vesta Spring, Wis., 153,156. 
Vichy Spring (Saratoga), N. Y., 30, 41. 
Vichy Springs of New Almaden, Cal., 209,211 
Vickerman Springs, Ind., 137. 
Victor Spring, N. Y., 31. 
Vienna Spring, Me., 14. 
Vine's Spring-s, Ind., 137. 
Virgin Hot Spri.Jlgs, Utah, 186. 
Virginia, mineral springs of, 54-68. 
Virgin River, Nev., 200. 
Volcanic .Springs, Cal., 209, 214. 
Volcanic Springs, Nev., 200. 
Voris & Co.'s Artesian Well, Ill., 143. 
w. 
W a bu ska Springs, Nev., 200. 
Wakulla Spring, Fla., 86. 
Wallawhatoola Alum Springs, Va., 51, IJ8 
Walley's Hot Springs, Nev., 200. 
Walnut Hill Mineral Well, Ky., 109,117. 
Walton Spring (Saratoga), N. Y., 30, 41. 
Wamduska Lake, Dak., 160. 
Ward's Hot Spring, Granite Mountain, Nev., 200. 
Warm and Hot Springs, Utah, 186. 
Warm Spring, Fla., 86. 
Warm Spring, near Granite Mountain, Utah, 186, 
187. 
\Varm Springs, .A.rk., 121,122. 
Warm Springs, on Little Owen's Lake, Cal., 209, 
213. 
\Varro Springs, Ga., 82, 85. 
Warm Springs, Idaho, 182. 
Warm Spr:ing , Md., 52. 
Warm Sp · v.,200. 
,varm "p . M{-X., 195. 
War C., 76, 78. 
War · i.tB, Cal., 209. 
Wa . ,., .,201. 
in~ Pajarito, 
,.. ., 57, 68. 
tin 1., 209. 
ch ., 140, 150. 
~. Mex. , 
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Washington Bell's Sulphur Springs, Ky., 110 
Washington Lithia Well (Ballst.on), N. Y., 27, 33. 
Washington Springs (Sarat.oga), N. Y., 30, 41. · 
Washington Springs, Va., 57. 
Washington Territory, mineral springs of, 217,218. 
Wasson's Chalybeate Springs, Ill., 143. 
Waterloo Mineral Spring, Ala., 91. 
Waterloo Mineral Well, Wis., 153,157. 
Waierman's Springs, Cal., 200. 
WaLkins's Artesian Well, Iowa, 162, 163. 
Watson's i::iprings, Ga., 82. 
Wayland Spring, Va., 57, 68. 
Wayland's Springs, Tenn., 102. 
Weaver Well, Tex., 127,128. 
Webster Salt Sulphur Springs, W. Va., 70. 
Weem's Springs, Tenn. See Bon Aqua Springs. 
Welch Springs, La., 124. 
Weldon Springs, Vt., 20. 
Wellsville Warm Springs, Colo., 190. 
Werner's Warm Springs, Mont., 179. 
Wessington Springs, Dak., 160. 
Wesson's Iron Spring, Fla., 86, 87.• 
West Baden Springs, Ind., 137,141. 
West Bethel Spring, Me., 14, 15. 
Western Saratoga Springs, Ill., 143. 
Western States, minera.l springs of, 175-219. 
West Nashville Sulphur Well, 102, 106. 
West Newfield Spring, Me., 14. 
West Saratoga Springs, Ind., 137,140. 
West's Mineral Spring, Ala., 91. 
West's Spring, S. C., 80. 
West Virginia, mineral springs of, 69-73. 
Whelan's White Sulphur and Mineral Springs, 
Nev., :201. 
Whisenant Chalybeate Springs, Ark., 121. 
White Cliff Springs, Tenn, 102, 106. 
White Creek Springs, Tenn., 102,106. 
White Fern Springs, Tenn., 102. 
White Mountain Mineral Spring, N. H., 17, 18. 
White Rock Spring, Wis., 153,157. 
White Springs, Miss., 96. · 
White's Springs, Miss., 96. 
White Sulphur Mineral Spring, Ky., 110. 
White Sulphul' Spring, Fla., 86, 87. 
White Sulphur Springs, A.la., 91. 
White Sulphur Springs, Ark., 121. . 
White Sulphur Springs, Saint Helena, Cal., 209, 
214. 
White Sulphur Springs, Ga., ~2. 
White Sulphur Springs, Ind., 137. 
White Sulphur Spdngs, Ky., 110. 
White Sulphur Springs, La., 124. 
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White Sulphur Sprin~s, Oreg., 216. 
White Sulphur Springs, Tenn., 102. 
White Sulphur Springs, Tex., 127. 
White Sulphur SprinJ!s, Va.., 57. 
White Sulphur Well, Ky., 110. 
Wilbur Springs, Cal., 209. 
Wildwood Springs, Pa., 45. 
Wilhoit's Soda Springs, Oreg., 216,217. 
Williams's Mineral Well, Ky., 110, 117. • 
William's Sulphur Spring, Wis., 153. 
Williamston Springs, S. C., 80. 
Wilson's Mineral Well, Tex., 127. 
Wilson's Saline Chalybeate Spring, Ky., 110, 118, 
Wilson's Springs, S. C., 80. 
Wilson's Thermal Spring, Va., 57. 
Wilson's Whit~ and Red Sulphur Springs, N. C., 
76. 
Winchell, Alexander, on mineral springs of Mioh•· 
igan, 145. 
Winchester Sulphur Springs, 102. 
Windsor Sulphur Springs, Md., s2: 
Winston Springs, Miss., 06. 
Wisconsin, mineral springs of, 151-157. 
Wise's Spring, N. C., 76. · 
Witherspoon Mineral Springs, Ark., 12L 
Witherspoon Spring, A.la., 91. · 
Witter's Springs, Cal., 209. 
Witts burg Mineral Spring, A.rk., 121. 
Witt's Springs, Ark., 121. 
Wolford's White Sulphur Springs, Pa., 45. 
Wolf-Trap Lithia Springs (well), Va., 57, 68. 
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Wood's Springs, Tenn., 102. 
Woolley Springs, Ark., 121. 
Wootan Wells, Tex., 127,128. 
Wyandot Magnetic Well, Ohio, 132. 
Wyandotte Gas Wells, Kans., 172,175. 
Wyandotte Spring, Ind., 137, 141. 
Wyandotte White Sulphur Spring, Mich., 146, lJfO. 
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The publications of the United States Geological Survey are issued in accordance with the t'l~tute 
approved March 3, 1879, which declares that - · 
" The publications of the Geological Surve:v. shall consist of the annual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Survey 
shall accompa,ny the :mnual report of the Secretary of the Interior. All special memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other-
wise in ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the library of the organization: And the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States." 
On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress: 
"That whenever any document or report shall be ordered printed by Congress, there shall be printed, 
in addition to the number in each case stated, the 'usual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 
Under these general laws it will be seen that none of the Survey publications are furnished to it for 
gratuitous distribution. The 3,000 copies of the Annual Report are distributed through the document 
rooms of Congress. The 1,900 copies of each of the publications are distributed to the officers of the 
legislative and executive departments and to stated depositories throughout the United States. 
Except, therefore, in those cases where an extra number of any publication is specially supplied to 
this Office, the Survey has no copies of any of its publications for gratuitous distribution. 
ANNUAL REPORTS. 
Of the Annual Report!' there have been already published: 
I. First Annual Report to the Hon. Carl Schurz, by Clarence King. 1880. so. 79 pp. 1 map.-A 
preliminary report describing plan of organization and publications. 
II. Report of the Director of the United States Geological Survey for 1880-'81,. by J. W. Powell. 
1882. 8°. Iv, 588 pp. 61 pl. 1 map. 
ID. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883. 
s0• xviii, 564 pp. 67 pl. and :maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884. 
s0 • x.x:xii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885. 
s0 • x::o:vi, 460 pp. 58 pl. and maps. 
The Six.th Annual Report is in press. 
MONOG-RAPHS. 
Of the Monographs, Nos. II, III, IV, V, VI, VII, VIII, and IX are how published, viz: 
II. T ertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U. S. A. 
1882. 4°. x.iv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 
1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio . Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xh~, 451 pp. 3 pl. Price $1.50, 
V. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 40, xvi, 464 pp. 151. 
29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 
1883. 4°. :ri, 144 pp. 541. 54 pl. Price $1.05. · 
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. 4°. xili, 200 pp. 16 pl. 
Price $1.20. 
vnr. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 4°. xiii, :W8 pp. 241. 
24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensan·d Marls of New J'ersey,· 
by Robert P. Whitfield. 1885. 4°. xx, 888 pp. 85 pl. Price, $1.15. 
ADVERTISEMENT. 
The following are in press, viz: . 
X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by OthD.J.. 
1885. 4°. :irriii, 237 pp. 56 pl. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern 
Cook Russell. 1885. 4°. xiv, 288·pp. 46 pl. 
XII. Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. 
The following are in preparation, viz: 
I. The Precious Metals, by Clarence King. 
- Geology of the Eureka Mining District, Nevada, with atlas, by .Arnold Hague. 
- Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, by Prof. O. C. Marsh. 
- Stegosauria, by Prot: O. C. Marsh. 
- Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. 
-The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Rolan 
- Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux. 
-Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
- Report on the Denver Coal Basin, by Samuel F. Emmons. 
- Report on Ten-Mile Mintng District, Colorado, by 8amuel F. Emmons. 
- Report on Silver Cliff Mining District, by Samuel F. Emmons. 
- Flora of the Dakota Group, by J. S. Newberry. · 
BULLETINS. 
The Bulletins of the Survey will contain such papers relating to the general purpose of its 
do not properly come underthe beads of .Annual Reports or Monographs. 
Each of these Bulletins will contain but one pape~ and will be · complete in itself. They 
ever, be numbered in a continuous series, and will in time be united into volumes of conven.ien 
_To facilitat~ this, each Bulletin will have two paginations, one proper to itself and another -w-hi 
longs t.o it as part of the volume. 
Of this series of Bulletins Nos. 1 to 31 are already published, viz : 
by Isra1i 
l'rrllt 
1. On Hypersthene-Andesite and on TricJinic Pyroxene in .Augitic Rocks, by Whitman Cross. 
aGeologicalSketchofBuffalo Peaks, Colorado, by S. F.Emmons. 1883. 8°. 42 pp. 2 pl. Price 1.0 cez:~ 
2. Gold and Silver Conversion Tables, giving the coining value of troy ounces of :fine metal, et:c., bi 
Albert Williams, jr. 1883. 8°. ii, S pp. Price 5 cents. 
3. On thel!'ossil Faunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins Coun • · 
New York, to Bradford County, Pennsylvania, byHenryS. Williams. 1884. s0 • 36 pp. Price 5 c~n 
4. On Mesozoic Foasils, b,v Charles A. White. 1884. so. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8°. 32-5 PP· 
Price 20.cents. • 
6. Elevations in the Dominion of Canada, by J'. w. Spencer. 1884. 8°. 43 pp. Price 5 cents. 
7. Mapoteca Geologica .Americana. A. catalogue of geological maps of America (North and Sourhl, 
1752-1881, by J'ules Marcou and J'ohn Belknap Marcou. 1884. 8°. 184 pp. Price 10 cents. 
8. On Secondary Enlargements of Mineral Jfragments in Certain Rocks, by R. D. Irving and C.R. 
Van Hise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 
9 . .A Report of work done in the Washington Laboratory during the fiscal year 1883-'84. F . W . 
Clarke, chief chemist ; T. M. Chatard, assistant. 1884. so. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle WaJcor. 
1884. s0 • 74 pp. 10 pl. Price 5 cents. 
11 On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of New Forms ~• 
R. Ellsworth Call; introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. G 
bert. 1884. S0 • 66 pp. 6 pl. Price 5 cents. 
1:. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1 ~ 
34 pp. 3 pl. Price 5 cents. 
L. Boundaries of the United States and of tlJe 11everal States and Territorie , by Henry G 
1885. 8°. 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of the Iron Carbnr , by Carl Baro and 'V 
Strouhal. 11' 15. 8°. 238 pp. Price 15 cents. 
15. On the Mesozoic and Cenozoic Paleontology of California, b ' Dr. C . .A. Wbit • I -- .. =. 
Price 5 cents. 
16. On the higher D vonian Faunas of Ontario Count , .~ w ork, b · J'. • Clar 
86pp. 3 pl. Price 5 ents. 
17. On the D v lopm nt of Crystallization in the Ign ou Rock 
J.P. Iddings. 1885. 0 • 44 pp. Pric 5 c n . 
18. On azine E c n . re h-water Mioc n , and otb r Fo 
b Dr. C. A. Whit . I ;;. sio. 26 pp. 3 pl. Prico 5 c nt . 
19. ~ 'ot !I ou 1111• •r ti:.,.,-apb_ of Californi , by F. B 
ADVERTISEMENT. 
20. Contribntion3 to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F . Hille-
brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation, by Bailey Willis, 1885. 8°. 16 pp. 5 pl. Price 
5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White, M. D. 1885. 8°. 25 pp. 5 pl. 
Price 5 cents. 
23. The Junction between the Eastern Sandstone and the Keweenaw Series on Keweenaw Point, by 
R. D. Irving and T. C. Chamberlin. 1885. 8° . . 124 pp. 17 pl. Price 15 cents. • 
24. List of Ma1'.ine Mollusca, comprising the Quaternary fossils and receut forms from American 
localities between Cape Hatteras and Cape Roque, including the Bermudas, l)y W. H. Dall. 1885. 8°. 
336 pp. Price 25 cents. 
25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes. 
1885. 8°. 82 pp. Price 10 cents. 
26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents. 
27. Work done in the division of Chemistry and Physics, mainly during the fl.seal year 1884-'85, 
1886. 8°. 80 pp. Price 10 cents. 
28. The Gab bros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, Md. , 
by George H. Williams. 1886. 8°. 78 pp. Price 10 cents. 
29. On the Fresh-water Invertebrates of the North American .Jurassic, by ·nr. C. A. White. 1886. 
s0 • 42 pp. Price 5 cents. 
30. Second contribution to the studies on the Cambrian Faunas of North America, by Charles D. 
Walcott. 1886. 8°. 379 pp. pl. Price 25 cents. 
31. A systematic review of our present knowledge of Fossil Insects, including Myriapoda and Arach-
nids, by Samuel H. Scudder. 1886. s0 • 128 pp. Price 15 cents. 
32. Mineral Springs of the United States, by Albert C. Peale, M. D. 1886. 8°. 235 pp. Price 20 
cents. 
33. · Notes on the Geology of Northern California, by .Joseph S. Diller. 1886: 8°. 23 pp. Price 5 
cents. 
Numbers 1 to 6 of the Bulletins form Volume I; Numbers 7 to 14, Volume II; Numbers 15 to 23, 
Volume III; aD(l Numbers 24 to 30, Volume IV. Volume Vis not yet co~plete. 
The following are in press, viz: 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 
and other groups, by Dr. Charles A. White. '· 
35. The Physical Properties of the Iron Oarburets, by Carl Barus and Vincent Strouhal. 
36. The Subsidence of small particles of Insoluble Solid in Liquid, by Carl Barus. 
In preparation : 
37. Types of the Laramie Flora, by Lester F. Ward. 
38. Peridotite of Elliott County, Kentucky, by Joseph S. Diller. 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham . 
.(O. Geologic notes in Northern Washington Territory, by Bailey Willis . 
.(1. Fossil Faunas of the Upper Devonian-the Genesee Section, by Henry S. Williams. 
-Bibliography of North American Crustacea., by Lieut. A. W. Vogdes. 
STATISTICAL PAPERS. 
A fourth series of publications, having special reference to the "mineral resources of the United 
States, has been undertaken. 
Of that series the following have been published, viz: 
Mineral Resources of the United States [1882], by Albert Williams, jr. 1883. so. xvii, 813 pp. Price 
50 cents. 
Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. so. xiv, 1,016 
pp. Price 60 cents. 
In preparation : 
Mineral Resource11 of the United States for calendar year 1885, by Albert Williams, jr. · 
Correspondence relating to the publications of the · Survey, and all remittances, which must be by 
POSTAL NOTE or MO~EY ORDER (not stamps), should be addressed 
To THE DIRECTOR OF THE 
UNITED ST.ATES GEOLOGICAL SURVEY, 
W .Al:IHINGTON, D. C. 
W ABBINGTON, D. c., 8eptem1M-1, 1886. 
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LETTER OF TRANSMITTAL. 
DEPARTMENT OF THE INTERIOR, 
UNITED STATES GEOLOGICAL SURVEY, 
Washington, D. G., January 4, 1886. 
Sm: Herewith I have the honor .to transmit a paper by Mr. J. 8 
Diller," Notes on the Geology of Northern California," and I recommend 
that it be published as a bulletin of the Geological Survey. During 
the last summer it was my privilege to go over a large part of the region 
to which his Notes refer, and I am entirely in accord with him so far as 
my opportunities for observation enabled met? judge. Mr. Diller's in-
vestigations have yielded valuable results, and already go far towards 
the elucidation of some of the broader and primary geological problems 
which are presented to the north of the northern end of the Sierra Ne.: 
vada. They have resulted also in the collection of a very large amount 
of detailed information of high value. 
Very respectfully, sir, your obedient servant, 
C. E. DUTTO.N, 
Captain of Ordnance, U.S. A. 
The DIREOTOR OF THE U. S. GEOLOGIO.A.L SURVEY. . 
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GEOLOGY OF NORTHERN CALIFORNIA. 
BY J. S. DILLER. 
INTRODUCTORY. 
Under the general supervision of Capt. C. E. Duttou, I have spent 
three field seasons in Northern California and Oregon amoug those 
complex groups of mountain ridges and ranges whose relations to one 
another have frequently been a subject of discussion, and it is in the 
hope of throwing some light upon the structure and connection of these 
ranges that I desire to note a·few observations. 
A hasty reconnaissance of both slopes and of most of the prominent 
peaks of the Cascade Range was followed by a more detailed examina-
tion of Mount Shasta and the neighboring elevations of the Coast and 
Sierra~evada Ranges to a little beyond the fortieth parallel. The short 
but well defined volcanic ridge of Lassen's Peak appeared to afford an 
excellent field for studying some of the important problems of volcan-
ology, and it was decided that this range, with the adjacent portions of 
the Sierra and Coast Ranges, should be subjected to careful investiga-
tion . 
While tracing the southern limit of the lavas from this volcanic ridge 
a preliminary examination was made of the northern portion of the 
Sierra Nevada Range~ arnl t Im results are considered of sufficient im-
portance to warrant their presentation in advance of a more detailed 
study. The stratigraphy of the region is very complicated; before it 
can be properly discussed it is necessary to consider not onlJr the gen-
. eral topographical features of the country but also the character and 
distribution of the rocks whose position in the geologic series can be 
most readily determin,ed by fossils. 
GENERAL TOPOGRAPHIO DIVISIONS OF NORTHERN CALIFORNIA. AND 
OREGON. 
The surface features of Northern California and Oregon ma,v be 
grouped into two valleys and three mountain ranges. Concerning the 
extent of the Willamette and the Sacrameuto Va1leys all agree, but the 
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limits between t.be Cascade, Coast, and Sierra Nevada Ranges ha-. noi 
been definitively ascertained. The southern end of the Cascade nie 
is well defined at Mount Shasta, but the boundary between the .._, -err-a 
and Coast Ranges is still a matter of discussion. For reasons h ere fter 
given we will consider the northern end of the Sierra Nevada R a fo 
be in the vicinity of the North Fork of Feather River, before reac 
Lassen's Peak. From this point the elevation is continued for a 
( fifty miles on the trend of the Sierras in the Lassen's Peak volcanic r -
which terminates near Pitt River. All else south and west of l\ o JII 
Shasta, belongs to the Coast Range. There appears to be a wan t o ~ 
prop1·iateness in including the ridges east of the Sacramento H · 
about tbe headwaters of the McCloud, in the Coast Range, but i t is 
dent that they are more closel,v related geologicall,y to the Trin i ty · 
Scott Mountains of the Coast Range than to any portion of the Sierri 
Nevada Range~ · 
CHARACTER AND DIS'l'RIBUTION OF 'l'HE CARBONIFEROUS LIMESTOx:E 
The presence of a limestone of Carboniferous age on the McCio 
River was made known many years ago by Dr. J. B. Trask. P rof'. 
D. Whitney discovered one of the same age near Pence's Ranch, an 
also ouein Genesee Valley, where it is associated with strata contain-
ing Mesozoic fossils. 1 This is the ouly fossiliferous portion yet discov-
ered in the paleozoic rocks of Northern California, and on this accoun -
it . affords the most important means available for determining their 
stratigraphic relations. It is peculiar, however, in being a series of dis-
connected, sometimes widely separated, lenticular masses2 of varion.s 
dimensions, instead of one continuous stratum. That this is really the 
case is clearly shown at a num:t>er of places where it appears in the ide 
of a canon. In the complete section it is seen to thin out and disappear 
in all directions. There are many of these limestone lenses in ~ ~ orth-
ern California. I havo examined nearly a score of them, and in m 
than half a dozen new localitie.s have discovered fossils, which h 
been submitted to Mr. C. D. Walcott for identification. Hi re ulr-
given in the following list: 
1 Geol. Surv. of California,. Geology, vol. i, p. 30 . 
11 This peculiar ity was noted by Prof. Whitney. ibid, p. 210. 
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Fossils Jrorn the Carbonif erou.,s Umestone of California, 
Localities. Fossils. 
NORTHERN END OF SIERRA NEV ADA RANGE. 
Western base of Sierra Nevada Range, Butte County. 
1 mile northeast of Pence's Ranch . . . . . . • . . . . . . . . Fragments of crinoidal columns. 
W. Branch of North Fork of Feather Rivera .••. Coral, probably Zaphrentis sp.f 
Canon of Chico Creek, i6½ miles east of Chico... Fragments of crinoidal columns. 
Middle portion of Sierra Nevada Range, Plumas 
Cownty. 
Divide between Yellow and Mosquito Creeks, 
south of Humbug Valley. 
Eastern portion of Sierra Nevada Range, Plumas 
County. 
1½ miles northeast of Taylorville .............•.. 
1 t miles east of Hossellkus', Genesee Valley ..... 
BETWEEN LASSEN'S PEAK, VOLCANIC RANGE, AND 
MOUNT SHASTA. 
Cedar Creek, between Buzzards' Roost an<l. Fur-
naceville, Shasta County. 
Northeastern base of Grizzly Peak, Siskiyou 
County. 
Fragments of crinoidal columns;: 
Lithostrotion Whitneyi; Lopho-
phyllum proliferum? ; Spirifera. 
sp.Y 
Fragments of crinoidal columns; 
Bryozoans; Athyris subtilita. 
Fragments of crinoidal columns; 
Athyris or Terebratula; Bellero-
phon sp.Y 
Fragments of crinoidal columns ; 
Diphyphy 11nm sp. Y; Spirifera sp. f; 
Spiriferina cristata; Terebratula 
sp.Y 
Fusulina cylindrica; Productus 
semireticulatus ; Productrn, co-
ra; Athyris royssi. 
a Professor Whitney reports other fossils from the same region. Geol. Surv. of Cal. Geology, vol. 
, p. 210. 
Besides the fossils enumerated in the above list, a few were collected 
at other localities, lmt unfortunately these were lost before reaching the · 
hands of a paleontologist. Along Soda Creek, a few miles northeast 
of Lower Soda Springs, near the boundary between Shasta and Siskiyou 
Ooµnties, a fossiliferous limestone ~ontains many branching and cylin-
drical forms very like the Fusilina in the limestone near Grizzly Peak. 
A most important outcrop of fossiliferous limestone occurs in the Coa,st 
Range, west of Shasta Valley, along Willow Creek, near Gazelle (Ed-
sons'). At this locality, among other fossils, was found an excellent 
specimen of Lithostrotion, and I think there can be' no doubt concerning 
the geological age of the strata in which it occurs . 
.A.s is well known, there are many outcrops of limestone in the Sierra 
Nevada Range and northern portion of California, and every opportu-
nity was embraced to examine them for fossils in order to determiue• 
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their geological relations. In many places the rock is so me 
phosed as to obliterate all traces of organic remains, but there i 
reason to hope that fossils will yet be discovered in new localitie -
tunately, the localities at which fossils have already been fou 
widely distributed in the central and eastern portion of the Coast; 
as well as in the Sierra Nevada. In answer to my inquiries Mr-
cott replies : 
mor. 
~ 
As far as I can determine from the specimens submitted, there is no reason. t:o -u~ 
pose the existence of any other than the Carboniferous horizon, although the 
stone at Cedar Creek is probably low in the formation. 
The evidence thus far adduced all points in the same direction , 
gives strong support to the proposition that all the limestone am 
the metamorphic rocks of Northern California is of Carboniferous ag 
STRUCTURE OF THE SIERRA NEV ADA RANGE. 
The Sierra Nevada Range at its northern end has a width of abo 
80 miles, extending from the Sacramento Valley to Honey Lake. 
ha,s three distinct crests, which are characterized by long, gentle slope ~ 
to the southwestward and short abrupt ones in the opposite directio.n.-
The western crest, to which Claremont Hill belongs, is near the mi 
dle of the range and attains an altitude of about 7,000 feet. From thi.:? 
point the long, gentle slope extends to the Sacramento Valley at an 
elevation less than 300 feet above the sea. It is more or less undulac-
ing and deeply cafione<l. by numerous streams. From Claremont Hill 
the slope is abrupt towards .American Valley, which at Quincy ha an 
altitude of 3,375 feet. Continuing to the eastward the slope again ri~e.: 
more gently to 7,300 feet, the middle crest, in which Hough's ~fountain 
is a prominent feature, and then descends steeply to Indian Valley a -
an elevation of about 3,500 feet. Further on the topography is irre crn-
lar, but becomes an even slope, rising to 6,000 feet in the summit of b 
eastern crest, the bold escarpment overlooking Honey Lake. The 
line of the Sierra Nevada Range, as seen in cross-section, is such a 
at once suggest that, like the Basin Province,2 it is composed of til-
orographic blocks, which an~ separated from one another by faul • T 
fact that Indian Valley and .American Valley, which are the d 
sious between the crest of the range, were occupied by lake d · 
the Quaternary or later times greatly heighten' the analogy; bu-
either e"tabli h or disprove tbe hypothesis sugge ted by the topo • 
1 Prof. J. D. Whi many years bought it probable that all the 
of the 'i rr~t ev · of th e ( Carboniferou ) age. Geol. ~ 
y, vol. i, p. a· 'f. Gra . 41. 
I rtrn a,w lime t California which ar not of 
areou · th Gr at Ba in and on o 
v eek r i otes on th, ·tratirrr phy of 
19 p. 9. 
t by J. W. Pow 11, p. 7. 
(3,6) 
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it is uecessary to examine the strati-
graphy of the several masses. F or 
convenience in this discussion, the 
three blocks will be designated 
western, middle, and eastern, re-
spectively, according to geograph-
ical position. 
The older strata, of which the 
range is in large part composed, are 
highly inclined and considerably ~ 
metamorphosed. Near the western ~ 
:::0 base of the mountain, as far as I ► ~ • have observed, the slates and lime- ~ L 
stones are usually inclined at an o ~ 
angle greater than 65° to t,he east- ~ ~ 
(') ~ ward, i.e., towards the mass of the -1 
range, and if we accept •without ~ 
qualification their present order of l> 
superposition as the order of age, ~ ) 
we should be obliged to admit that ~ ~ 
from the western base towards the . 2 f 
0 S middle of the range the strata are :o ~ 
successivelynewer. Therearegood ;! ~ 
('Tl ~ reasons, however, for supposing ::o ~ 
Z "'c~ ti:tat instead of being newer they rn 
are either of approximately the 5 ~ 
same age or older; and that their o ,i,.. 
present position is due to an over- ~ l 
throw. Theonlyfossiliferousstrata ~ I 
which have been recognized among £e i 
the metamorphic rocks iu the north ~ f 
end of the western block occur near ~ ~ 
2 
~ its western base in the caflou of ~ 
~:!c:to;::!~~lo~!n:e,.s!i!::n;:; ~ f 
)> ?' 
highly tilted limestone beds con- ~ 
tain small crinoid stems and other ~ 
fossils of Carboniferous age. It is 
a significant fact that a large por-
tion of the auriferous slates lie east 
of the known outcrops of Carbonif-
erous limestone. The broad belt of 
1.netamorphic strata upon the west-
ern slope of Claremont Hill is suc-
ceeded to the eastward by a mass 
of granite, which for-m s the ,Tes tern 
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If now we pass over the middle block of the range to the eas rni11, 
which, lying between Indian Valley and Honey Lake, c ulm · at~m 
Thompson's Peak, we shall :find a · corresponding · arrangement T:1 
lower western portion of the block is made up of highly tilted trn~ 
.among which occur the limestones, shale, and sandstone contain -.ll~/~ 
sils of the Oarboniferom, and Mesozoic ages.1 To the eastward ffifl. 
posed a mass of stratified old volcanic ·tufas, highly metamorplo~ 
and succeeded by granite, which forms the greater portion of the 111~t 
The inclination of the strata, although variable in degree and dire(n11 
is generally westward at a·high angle, and in this respect differ~ me 
the position of the strata in the western block. 
The middle block, lying between American and Indiau Valley- !M 
culminating in Hough's Mountain, is narrower and the strata are Ir~ 
disturbed than any where else in the northern portion of the range. I~ 
bold escarpment. which faces Indian Valley exposes several tboCZEa.~ 
feet of apparently c~nformable slates, the position of which is very- u 
form for that region. T~eir strike is parallel to the face of the esca~ 
. ment, and the dip generally less than 50° to the westward, plungili 
beneath American Valley. Near the western foot of the middle blmt 
in American Valley a limestone occurs which has been used qeite exte], 
sively for lime. Unfortunately, I have not had an opportunity to tD· 
amine this locality for fossils, but from the facts that it occurs near 
the suppressed western limit of the block, as does the known Carbon• 
iferous of the other two blocks, and is approximately on the strike of a 
limestone which · outcrops further nor thward and contains L itlwstrotfon 
with other Carboniferous fossils, it appears to be highly probable tha-
it also is of the same age. 
The recurrence of the same fossiliferous S•trata in a cross-section of the 
Sierra Nevada Range in exactly analogous topographic and strati-
graphic positions confirms the hypothesis suggested by its profile, tha 
the northern end of the Sierra Nevada R ange is made up of three or -
graphic blocks separated from one another a:n<l from those of the Gr -
B asin by profound faults, and shows that the Basin Range structme ex-
t ends as far west as the Sacramento Valley. l\fr. G. K. Gilbert~ ,·e, 
years ago pointed out the Gharacteristic features in the , tructure o 
Sierra Nevada H,auge, 3 although Prof. Joseph Le Conte4 bad pr •,i 1 
called attentiou to a profound fault along its eastern ua e in the Yi i1 · 
of Owen'8 Lake. B.r far tlJe greater portion of the range avpeai 
for med of one great orographic block, which i coutin uou. witl, th 
1 This lo ·ali1y wa · fir. t not cl hy Prof . .J. D. WJ1itney. cological .::nrYc~ • 
fornia vol. i pp. :30 ,309. 
i: 'c:ic•11ce, ~fa rc:h 2:}, 1 · :1 p . 195. 
~ ilaj . J . \V. I->o" ell and 'apt. C. E . utto11 bad indepenclentl. :1rriv 
the auw oucln!>iou a:s .lr. 1llJcrt. 
• Am. J onr . , '<.:i . Yul. xvi, p . 101. 
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ern block of the range at its northern termination. Its long gentle slope 
westward is expressed in the drainage lines, and its eastern crest is the 
divide between the Great Basin and the Pacific. Almost throughout 
its whole extent, the Sierra Nevada faults are impassable to important 
streams, but at the northern end of the range, where the number of 
fault blocks is increased, the forks of Feather River cross two of the lines 
of great displacement. These streams, like neariy all of those that flow 
down the western slope, are in deep canons. That of the North Fork of 
Feather River where it crosses the western fault has a depth of 4,000 
feet, affording an excellent section of the folded strata, and its terraces 
indicate the character of the uplifting in forming the mountain range. 
Structurally the Sie-rra is like the Great Basin Range, differing chiefly 
in the magnitude and in the present elevation of the blocks. Like the 
orographic blocks of the Great Basin area, they are composed of p1icated 
strata, the folding of which, as has been pointed out by a number of 
observers, took place long before the faulting that gave birth to the 
peculiar features of the ranges. It is important to remember the fact 
that at the time the strata of which the Sierra Nevada Rninge is com-
posed were folded, i. e., about the limits between the Jurassic and Cre-
taceous ·periods, the Sierra Nevada Range was not differentiated from 
the continental mass of the Great Basin region, and it was not until a 
very much later period that this separa,tion occurred. 
AGE OF THE FAULTING OF l.l'HE SIERRA NEVA.DA. RANGE. 
The age of the faulting which originated the Sierra Nevada as a dis-
tinct ran·ge has not yet been definitely determined, but the recency of 
the dislocations ca,n scarcely be queRtioned. This is clearly shown by 
the fact that the amount of erosion upon the fault escarpments has been 
very slight. A.sin the Great Basin, the faults in the northern portion 
of the Sierra Nevada Range have given rise to lakes upon the depressed 
border of the blocks, but whether these lakes existed during the Qua-
ternary period or are more recent has not yet been ascertained. At the 
present time the lakes have entirely disappeared, and their beds are 
the most fertile lands of the wbole region. That the displaceme~ts are 
comparatively recent is indicated also bj, their relation to the lavas. It 
appears that the dislocations along the eastern side of the two lateral 
blocks of the range have extended into the lavas of the great volcanic 
field. about Lassen's Peak, a.nd if the age of the fractured lavas c~n be 
determined the period of the Sierra displacements can be more nearly 
ascertained. While it is possible that the fanlt,ing may have continued 
through a, long period, it is evidcut tbn,t mo8t of the movement occurred 
ince the great Yolcanic effusi011s in that region. According to Profs. 
J. D. Whitney 1 and Joseph Le Coute 2 these took. place among the clos-
1 Amer. Jour. Sci., Sept., 1864; a.lso, Anriforous Gravels, •P, 74. 
i.A_mer. Jour. Sci., vol. xix,p. 188. 
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ing events of the Pliocene 1 or the beginning of the Quaternary, and 
far 'as my observations have extended I have no reason to differ mai-
terially from this conclusion. The faulting of the Sierra probably com. -
menced about t hat time, and, if we may accept small earthquakes as 
evidence, it is sti1l in progress.2 
.A GE OF THE .A.URIFEROUS SL.ATES, 
There is considerable difference of opinion concerning the age of 
the auriferous slates, but there is no good reason whatever for dissent-
ing from the view generally accepted that at least a portion of the 
a,uriferous slates are Mesozoic. The fact that the Carboniferous limestone 
is intimately associated with the gold-bearing slates about the northern 
end of the Sierra Nevada Range suggests that a portion of these may 
1 In the neighborhood of Pence's Ranch the auriferous gravels are distinctly over-
laid by stratified deposits which Professor Whitney regarded as Upper Pliocene (GeoL 
Surv. of Cal., vol. i, p. 211 ). A few imperfect leaf impressions were collected from 
these strata ~nd submitted to Prof. L . F. Ward for exitmination. One of the speci-
mens has been'doubtfully determined as Cinnamomum or Paliurus, 9,nd Profe~sor 
Ward remarks, "If it we.re certain that the specimen is either Cinnamomum or Palin-
rus, I should say that it could scarcely have come from a higher horizon than the 
Miocene and more likely from a lower. But the specimen may possibly represent a 
Populus unlike any modern form . At any rate I would not have been surprised at 
just such a collection from the Eocene or Laramie Group." That the strata containin~ 
the leaf impressions overlie the auriferous gravels at the Cherokee mine near Pence·-
Ranch there can be no questiou. Professor Whitney showed t,hat the auriferous 
gravels probably represent the whole of the Tertiary (Aurif. Gravels, p. 283), and m Y 
it not be possible that the old stream bed of the Cherokee mine is Eocene oi: )Iiocene f 
In the same vicinity the Tertiary strata overlie the rocks of the Chico Group, and h 
two series of stmta are almost, if not altogether, conformable. Dr. C. A. White, wh 
visited the region lately, is of the impression that the strata referred to are not old 
than the Upper Pliocene. .All that citn be definitely stated at present concernincr th 
trata containing the leaf impressions is that they are more recent than strata kno 
to belong to the hico Group, and that their flora, as far as Professor Ward canjo ~ 
from the few imperfect specimens at hand, has a pre-Pliocene aspect. The gre:i: ~ -
canic outburHt in the vicinity of Lassen's Peak succeeded the deposition of tbe e r 
of qu stiona.bl nrre, probably occurring, as stated above, about the clo e of the p 
ceu . 
2 'ma.11 arthq,rnk 'hock a.re frequently felt about the northern end of the~ 
.:·evi <la Rang- , . pecially iu the vicinity of the fault scarps. Prof. Jo eph Le~ 
( .m. Jonr. 'ci. vol. . vi, p. 101) regarded the Inyo earthquake in 1 7i n aim 
t:unly du t , ·light r ,adju tm nt along the ea tern fault of th ierra. near Ow 
LakP. om unpnhli h d b rvations b I. C. Rus ell and W J ~foGee 'ho\f 
th r • h 1>1' 11 actual p 't-Quaternary di placem nt near th ea tern ba oi 
aa.t rnary elevation of the La e e 
old which mark the limit b en 
~ to alley, a few mile e f 
and the late t di er 
nt of the ierr Te~ad Ran 
the limit of the volcanic tuf • 
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belong to Paleozoic or older formations:1 The lenticular character of 
the limestone and the complex plications of the strata among which it 
occurs renrler it very difficult to determine in most cases, without fossils, 
whether the slates are above or below the limestone. I have already 
suggested that it appears to be a somewhat significant fact that a large 
portion of the auriferous slates lie east of the known outcrops of the 
Carboniferous limestone near the western base of the range. The fold-
ing of the strata brought them at many places into an approximately 
vertical position. At the time of the subsequent faulting the eastern 
edge of the largest block was so elevated as to make the strata which 
were.formerly vertical dip steeply to the eastward, and in this manner 
strata upon the western slope of the Sierra Nevada Range may have 
been made to overlie more recent ones nearer its base. This explana-
tion is suggested simply to show that tlie present eastern inclination of 
the strata upon the western slope of the range does not militate against 
the view that a portion of the auriferous slates are more ancient than 
the Carboniferous limestone. 
Mr. Clarence King2 called attention to the great thickness of Paleozoic 
littoral deposits of the Great Basin region and inferred the existence of 
a large land mass further westward from which these sediment::; were 
derived. Prof. Joseph Le Conte has argued that upon the marginal 
sea-bottom bordering the western shore of this ancient Paleozoic and 
Mesozoic land were laid down a great accumulation of sediments, out of 
which the Sierra Nevada Range has been formed. 3 It was, therefore, 
with great interest that I examined the eastern escarpments of the 
great fault-blocks of the Sierra Nevada Range, in the hope of being able 
to demonstrate the presence or absence- of a considerable thickness of 
strata older than the Carboniferous limestone.4 The stratified rocks of 
tbe eastern and western blocks of the Sierra Nevada Range are highly 
contorted, and the eastern escarpments are formed of granite, but in the 
Iniddle block, lying between American and Indian Valleys, the strata, 
although tilted, are not so profoundly plicated. The bold escarpment 
facing Indian Valley, as .has already been stated, exposes thousands of 
feet of apparently conformable auriferous slates which dip ste.eply west-
ward beneath the supposed Carboniferous limestone of American Valley. 
These ~trata are so slightly metamorphosed as to encourage the hope 
of finding fossils in them, and I was greatly disappointed in having to 
1 Note sur la Geologie de la Californie, par M. Jules Marcou. Ball. de la Soc. geol. 
◄e France, 3me s., tome xi, p. 407. 
2 Geol. Exp. of the Fortieth Parallel. Syst. Geol., vol. i, p. 534. 
3 !m,Jour. Sci., III, vol. iv, p. 460, and vol. xvi, p.103. 
'Professor Whitney remarks that the age of the bed rock series can be set down 
~ 1th certainty as bei'ug nowhere more recent than Jurassic, and tha,t it is not i~pos-
1hle but quite improbable that any portion of the ~etamorphic belt of the Sierra, 
~aHrove to be older than the Carboniferous (Aunf. Gravels, p. 314). Mr. George 
· Becker noted sandstones below and probably older than the Carboniferous lime-
0lle of the McCloud River (U.S. Geol. Surv. Bull. 19, P· 21). 
Bull. 33--2 (381) 
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give up a brief but fruitless search. Nevertheless, t.he stratigra 
lations are such as to render it very probable that at this point t 
a great thickness of Paleozoic strata exposed and that a large 
the gold-bearing slates are older than the Carboniferous limesto 
UENE RAL DIS1'RIBUTION O:F THE METAMORPHIC, VOLCANIC, A..l.~D CRE-
TACEOUS ROCKS. 
There are in Northern California t wo large areas of metamorph set! 
Mesozoic and Paleozoic rocks. The one occupies the north we-...c ern 
corner of the State, entering from Oregon and extending as far 11tn• 
east as Pitt River; this area is insular in its relation to later t ·o na. 
tions. The other is of continental dimensions, str etching into Californra 
from Nevada, and embraces the whole region of the Sierra Nevada 
Range. The great faults of this range run out in the vicinity of 1 
North Fork of Feather River, apparently vanishing through short m on 
clinal folds where the platform of ancient metamorphic rocks is graJ• 
ually depressed northwesterly, and disappears beneath the lavas of tlr 
great volcanic field. Continuing in the same direction, these rock n 
appear upon the surface near Pitt River, and form the insular area · i 
which reference has already been made. Concerning the depth of 
depression in the metamorphic rocks between the two areas now ex· 
posed we have but little knowledge; however, tbereis no reason a .far 
as I am aware for ·supposing it to be very great. 
Following the trend of the Sierra Nevada Range northward from r 
North Fork of Feather River to Pitt River we find a volcanic rid t." 
made up of numerous adjoining- cones, among wbicb Lassen' P ea - · 
most prominent. This ridge has been designated Lassen's Peak ·rnlc · 
ridge, and is composed almost exclusively of accumulated lava ri~· -
to an average elevation of over 5,000 feet, with se-rnral peak a 
8,000 feet in altitude. The uumerous cra,ters of various magnitude 
irregularly distributed, and no definite relation to the line of re -
placement in the Sierra Nevada Range is apparent. In fact, a h 
ready been shown, the great faulting occurred towards t1rn c1o o 
period of greatest volcanic activity. 'fo the north and north ea ~t,\\ a.1. u .. _ 
this volca,uic range the recent Ja,va,' stretch far into Oregon. Icl. h 
ashington Territory. 
Mr. Becker and otber bave called attention to the err · 
1 Profe or Whitney refer to the fos ils fouud in Gene e Valley in dem ' 
that a large part of the aurifcrou slate ar .Me ozoic (Aurif. GraT". p. 
lates in Hough' Mountain ridge, upon the outh western ·ide of Indi n • • 
,arded by min r as the "home of th mother ledge" of tha country 
parent]. older than the 1e ozoic tratacontaining th fo ·il ar p 
by profound displac ruent. 
Dr. White a rts th t th aurit•ron · lat 
lmniforou ll"l' ancl · m that ·ot on 
roir. P I ntolo,.,. of C liforni 
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formity between the rocks of the Chico Group and those upon which 
they rest. The geography of our western coast during the deposition 
and plication of the older strata is a matter concerning which we have 
as yet but little knowledge. lts development is first distinctly outlined 
in the rocks of the Chico epoch. These rocks are generally fossiliferous, 
and their identification is a matter of no great difficulty. They are ex-
posed at many points along the western base of the northern portion of 
the Sierras, and are either horizontal or dip away from the mountain at 
a very low angle. In the latitude of Oroville the rocks of this group 
rise to an elevation of 800 feet above the sea. F urther north ward, along 
Chico Creek, they reach 1,700 feet, aud continuing in the same direction 
the elevation becomes greater. Two miles east of Montgomery Creek, 
on the road from Redding· to Burney Valley, they have an elevation of 
ove. 2,400 feet. .At this point they are coarse deposits, evidently formed 
near a shore which lay a short distance to the northwest in the vicinity 
of Pitt River. They dip eastward, disappearing beneath the Lassen's 
Peak volcanic ridge, and very probably connect beneath the great lava 
fields with the rocks of the same age in Shasta Valley and Crooked River 
in Oregon east of the Cascade Range.1 In the northwest part of Shasta 
Valley, besides the fossiliferous sandstone, there are coarse shore de-
posits of the same age clinging upon the sides of the Scott Mountains 
, and reaching far up towards their summits. The distribution of t he 
rocks of the Chico Gr oup clearly indicates that during the Chico epoch 
the northwestern portion of California, with the adjacent part of Oregon, 
embracing the Trinity, Salmon, Scott, Siskiyou, and other mountaiu 
ridges of the Ooast Range, was a large island, separated from the still 
larger continental land mass of the same strata in the Great Basin and 
Sierra region by a wide Htn.1it now bridged over by tbe Lassen'~ P eak 
volcanic ridge. 
RELA'l'ION OF TH E SIERRA, CO.AST , AND CASCADE RANGES. 
The geography of the we. tern coast during the Chico epoch enables 
n to define sharply tbe limits between the Sierra Nevada and the Coast 
Range . The former has been from its inception joined to the continental 
land while tbe latter embraces all the ridges developed out of the cre-
tacean island, and the Lassen's Peak volcanic ridge separates them. 
Both ranges contain plicated Paleozoic as well as Mesozoic strata. ' The 
Ooa t Range received large tertiary additions not represented in the 
Sierra , but, on the other band, the latter was differentiated from a con-
tinental mas by the development of a pecnliar structure not yet recog-
~ized in the Coast Range. The relation between the Coast an d the 
ascade Range i8 not o harply defined, but when we con ider their 
1 )fr. Eugene Rickseck r, a topograph r of the Geological Survey, informs me t hat 
e ob rved a number of fossils where a well bad been recently dug a short distance 
~Iih of Rhett Lake, Oregon, ancl it is po sible t h at t he locality may afford foss ils of 
e Chico group. 
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widely diverse modes of origin their limitation is not a matt:-erof~ 
great difficulty. South of the Rogue River VaJley the cretacea iifaoo 
lay completely west of the position now occupied by the Cascade Jlan~ 
To the uorthward its extension is but partially known. Near t 111 
mit of the Uascade Range, upon its western ~;lope, about half a.. aom 
miles from Mount Hood, is a large mass of coarsely crystalline e lptirt 
rock, closely related to the gabbros. A similar rock occurs neart~ 
western base of the ran_g·e, 8 miles east of Lebanon, and Mr. Bet~· 
has said that east of Roseberg granite and metamorphic rock oc111 
about the headwaters of the Urnpqua. Such rocks make up the rooi 
Range west of Mount Shasta, and i.t may be that they form an eleTM~ 
foundation for a considerable portion of the Cascade Range bet-w-e€u~ 
headwaters of Rogue River and Mount Hood, but this is rendere i1, 
. probable by the complete section along the Columbia Ri'rnr, whe t~ 
range is cut across nearly to the sea level, showing, according +ou 
Conte,2 that it is composed almost wholly of modern lavas resting 1w; 
undisturbed strata of Miocene age. The excellent section of the oi 
ern portion of the range afforded by the Klamath .River shows, ar J~ 
as far as I have observed, that it is made up at that point3 comp €16) 
of recent eruptive rocks. 1 
Between the Siskiyou Mountains and the Cascade Range, in Son. .lllll 
Oregon, as Whitney has shown,4 the Cretaceous strata of the narJl.i1 
belt are highly tilted. They dip eastward beneath that porrion of ~ 
Cascade Range, as do those of Shasta Valley as well, and probably Ci! 
nect with the rocks of the same age east of the Cascade Range. ~ 
apparently complete absence of older rocks in the Klamath River caii'. 
through the Cascade Range and the relation of the Cretaceou ' tra a 
both sides of the range indicate clearly that the region now occupie 
the southern portion of the Cascade Range was beneath tbe ea d 
the Chico epoch. As far as is definitely known the Cai-cade Ran" 
not represented by a ridge of older metamorphic rocks which 
folded and upheaved at the same time with the Sierra and older 
of the Coast Range, and is entirely di tinct from them in , true 
origin. On the contrary, however, the region occupied by it ~ 
the short range nortb of Lassen's Peak are but part of tlle 
canic field that occupies the area which during the Chico ep h 
of depre ion between the i land and tbe continent.• 
1 U. S. Geol. Snrv. Bull. o. 19, p. 20. 
'Amer. Jour. ci., III, vol. vii, pp. 167,259. 
3 '.rwo miles b Jow Shove] Creek, on the left bank of the Klam:tth B' 
road from Yreka, Cal., to Liokville, Or g., in a ledge of gray rock 
field Ir gard d a one of the metamorphic late but under the micr 
to be a lava. 
• ol. urv. of Cal., vol. i, page 354. 
Dr. Wbite r mark " Tote on the Ie ozoic and Cenozoic P 




The points to which it is ct.esired to call especial attention may be 
briefly summarized as follows : 
It appears that all the limestone among the metamorphic rocks of the 
Coast and Sierra Nevada Ranges is of Carboniferous age. 
The northern portion of the Sierra Nevada Range, like that of the 
Great Basin, is composed of tilted orographic blocks separated from one 
another by great faults . 
· The greater portion of the range is formed by one of t,hese blocks, 
with a short abrupt slope towards the Great Basin and a long gentle 
slope in the· opposite direction. · 
The displacements by w bich the Sierra Nevada Range was separated 
from the Great Basin land mass probably began about the close of the 
Tertiary, and may be yet in progress. 
A large portion of the auriferous slate series is apparently older than 
the Carboniferous limestone. 
During the Chico epoch a large part of the region now occupied by 
the Coast Range was an island separated by a wide strait from the con -
tinental mass to which the Sierra Nevada Range belonged, which strait 
bas since been filled by the lavas of the Lassen's Peak volcanic ridge. 
As far as is definitely known, the Cascade Range was not represented 
by a, ridge of metar.10rphic rocks corresponding to the Sierra and Coast 
Ranges, but belongs rather to the great volcanic field which now oc-
cupies the area once depressed between the cretacean island and the 
continent. 
ADDENDUM. 
While completing the sun,ey of the Lassen's Peak volcanic belt, dur-
ing the field season of 1886, much additional evidence was obtaine<l 
upporting the views expressed in this paper. Geologically cons id . 
ered, Lat:':''.)n's Peak belongs to tbe Cascade Range, and several of tbe 
foregoing assertions should be somewhat extended. 
Mr. Walcott has examined a few fossils from Willow Creek, a locality 
referred to 011 page 11. He identified the following forms: Lithostro-
tion mamillare, Terebratula, Pleurotomaria, Orthoceras, Zaphrentis, 
Favosites, and crinoidal columns. 
Some fossils recently collected near Rhett Lake do not belong t.o the 
Chico group but to a much later horizon. 
OCTOBER 14, 1886. 
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[Bulletin No. 34.] 
The publications of the United States Geological Survey sire issued in accordance with the statute, 
approved March '3, 1879, which declares that -
" The publications of the Geological Survey shall consist of the annual report {lf operations, geological 
and economic maps illustrating the resources and classification of the lands, an<l reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Survey 
shall accompany the a.nnual report of the Secretary of the Interior. All special memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other• 
wiae in ordinary octavos. Three thousand copies of each shall be published for sdentific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the, library of the organization: And the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States." 
On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress : 
'' That whenever any document or report shall be ordered printed by Congress, there shall be printed, 
in addition to the number in each case stated, the ·usual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 
Under these general laws it will be seen that none of the Survey publications are furnished to it for 
gratuitous distribution. The 3,000 copies of the Annual Report are distributed through the document 
rooms of Congress. The 1,900 copies of each of the publications are distributed to the officers of the 
legislative and executive departments and to stated depositories throughout the United States. 
Except, therefore, in those cases where an extra number of a;ny publication is specially supplied to 
this Office, the Survey has no copies of any of it!l publications for gratuitous distribution . 
.ANNUAL REPORTS. 
Of the Annual Report11 there have been already published: 
I. First Annual Report ,to the Hon. Carl Schurz, by Clarence King. 1880. so. 79 pp. 1 map.-A 
preliminary report describing plan of organization and publications. 
TI. Report of the Director of the Uniteu States Geological Survey for 1880-'81, by J. W. Powell. 
1882. 8°. Iv, 588 pp. 61 pl. 1 map. 
ill. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883. 
8°. xviii, 564 pp. 67 pl. and ma[Js. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884. 
8°. xxxii. 473 pp. 85 pl. and maps. 
V .. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885, 
8°. xxxvi, 46!) pp. 58 pl. and maps. 
The Sixth Annual Report is in press. 
MONOGRAPHS. 
Of the Monographs, Nos. II, ill, IV, V, VI, VII, Vill, and IX are now published, viz: 
n. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton, Capt. U. S • .A., 
1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
UL Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 
1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio . Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Priee $1.50. 
V. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4°. xvi, 464 pp. 15 l. 
29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 
1883. 4o. xi, 144 pp. 541. 54 pl. · Price $1.05. ~ 
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. 4°. xiii, 200 pp. 16 pl. 
!>rice $1.20. 
VIII. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 4°. xiii, 298 pp. 24 1. 
24 pl Price $1.10. 
IX. Braohiopoda and Lamellibranchia.ta of the Raritan Clays and Greensand Marls of New Jersey 
by.Robert P. Whitfield. 1885. 4°. xx, 338 p·p. 35 pl. Price,,$1.15. 
ADVERTISEMENT. 
The following are in press, viz: 
X. Dinocerata. A Monograph of an Extinct Order of Gigantic :Mammals, by otbnie Cbarittl!iit 
1885. 4°. :x.iii, ::!37 pp. 56 pl. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern 1YUl!I 
Cook Russell. 1885. 4P. xiv, 288 pp. 46 pl. 
XII. Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. 1 
10
· Ill 
770 pp. 45 pl. and 35 atlas sheets. 
The following are in preparation, viz: 
I. The Precious Metals, lly Clarence King. 
- Geology of the Eureka Mining Distri;t, Nevada, with atlas, by .Arnold Hague. 
- Lake Bonneville, by G. K. Gilbert. 
- Sanropoda, by Prof. O. C. Marsh. 
- Stegosauria, by Prof: O. C. Marsh. 
- Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. ~er, 
- The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Rolan D.~ 
- Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux. 
- Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
- Report on the Denver Coal Basin, by Samuel F. Emmons. 
- Report on Ten-Mile Minlng District, Colorado, by Samuel F. Emmons. 
- Report on Silver Cliff Mining District, by Samuel F. Emmons. 
- Flora of the Dakota Group, by J: S. Newberry. 
BULLETINS. 
The .Bulletins of the Survey will contain such papers relating to the general purpose of it:;a ,a,h 
do not properly come under the heads of .Annual Reports or Monographs. 
Each of these Bulletins contains but one paper and is complete in itself. They are, however,n: 
bered in a continuous series, and may thus be united into volumes of convenient size. To fadll 
this, each Bulletin has two paginations, one proper to itself and another which belongs to it as pl 
the volume. 
Of this series of Bulletins Nos. 1 to 34 are already published, viz: 
1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cros • rul 
a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 pp. 2 pl. Price 10 ce, 
2. Gold and Silver Conversion Tables, giving the coining valuP of troy ounces of fine metal, ere. ,~ 
Albert Williams, jr. 1883. go. ii, 8 pp. Price 5 cents. 
3. On theFossilFaunasofthe Upper Devonian, along the meridian of76° 30', from Tompkins Conni. 
New York, to Bradford County, Pennsylvania, by Henry 8. Williams. 1884. 8°. 36 pp. Price 5 ceni 
(. On Mesozoic Foasils, by Charles A. White. 1884. so. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. go_ 32.5 PP 
Price 20 cents. 
6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A cataloguo of geological maps of America (~forth and Sou-
1752-1881, by .Jules Marcon and .John Belknap Marcou. 1884. go_ 184 pp. Price 10 cents. 
8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Ining and C. 
Vall Hise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 
9. A Report of work clone in the Washington Laboratory during the fiacal year 1883-'84. F. 
Clarkti, ohief chemist; T. M. Chatard, assistant. 1884. so. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle W 
1884. S0 • 74 pp . 10 pl. Price 5 cent,i. 
ll. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions ofNew-Fo~ · 
R. )~llsworth Call; introduced by a sketch of the Quaternary Lakes of the Great Basin. by G. K-
bert. 1884. S0 • G6 pp. 6 pl. Price 5 cents. 
12. A Crystallo~aphic Study of the Thinolite of Lake Lahontan, hy Edwnrrl . Dana. 1 
34 pp. 3 pl. Price 5 cents. 
13 . .Boundaries of the United States and of the several Sta.res and Tenitori 
18o5. 8?. 13;; pp. Pric 10 CelltS. 
14. The El ctrical and Magn tic Properties of the Iron Carbnret , by Carl 
trouhal. 188:;. s0 • 238 pp. Price 15 cents. 
15. On th Me ozoic and Cenozoic Paleontology of California, by Dr. C. A. White. 1 
Price 5 cent .. 
16. Ou tbu bi h r D vonian Fann of Ontario County, -ew York, b · J. .C 
pp. 3 pl. Price 5 cents. 
17. Ou thti D1n·elopm nt of Crl stallization in th lgn ons Rock of Wa h 
J.P. Idclin . 188.5. 0 • 44 pp. Pric ,; nt, . 
1 · n 11 in Eo n , Fr h-w.lt r Miocen , ancl other Fo .il ollu of". 
b; Dr. '. A.Whit . 1 ;. 0 • 26 pp. 3 pl. l'uo 5 ent . 
19• rnti rnphy of California, by G or!? F. B k r. 1 • 
ADVERTISEMENT. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille-
brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 
5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White, M. D. 1885. 8°. 25 pp. 5 pL 
Prico 5 cents. 
23. The Junction between tho Eastern Sandstone and the Keweenaw Series on Keweenaw Point, by 
RD. Irvmg and T. C. Chamberlin. 1885. 8°. l'.!4 pp. 17 pl. Price 15 cents. 
24. List of Marine Mollusca, comprising the Quaternary fossils and recent forms from American 
localities between Cape Hatteras and Cape Roque, including the Bermudas, by W. H. Dall. 1885. 8°. 
336 pp. Price 25 cents. · 
25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes. 
JS&;. 8°. 82 pp. Prfoe 10 cents. 
~G. Copper Smelting, by Henry 11. Howe. 1885. 8°. 107 pp. Price 10 cents. 
27. Work done in the division of Chemistry and Physic3, mainly during the fiscal year 1884-'85. 
Jaso. SJ. 80 pp. Price 10 cents. 
~8. The Galiliros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, Md., 
by George Il. Williams. 1886. 8°. 78 pp. 4 pl. Prico 10 cents. 
29. On the Fresh-water Invertebrate■ of the North American Jurassic, by Dr. C. A. Whito. 1886. 
s~. 42 pp. 4 pl. Price 5 cents. 
30. Second contribution to the studies on tho Cambrian Faunas of North America, by Charles D. 
Walcott. 1886. 8°. 379 pp . . 33 pl. Price 25 cents. 
31. A systematic review of our present knowledge of FosMil Insects, including Myriapoda and Arach-
nid~, lly Samuel H. Scudder. 1886. 8°. 128 pp. Price 15 cents. 
32. Mineral Springs of the United States, by Albert C. I>eale, M. D. 1886. s0 • 235 pp. Price 20 
ceuts. 
33. Notes on the Geology of Northern California, by Jost'ph S. Diller. 1886. s0 • 23 pp. Price 5 
couts. · 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 
and other groups, by Dr. Charles A. White. 1886. 8°. 5-i pp. 5 pl. Price 10 centB. 
Nllillhers 1 to 6 of the Bulletins form Volume I ; Numbers7 to 14, Volume II; Numbers 15to23, 
Volume III; and Numbers 24 to 80, Volume IV. Volume Vis not yet complete. 
The following are in press, viz: 
Jj, The Physical Properties of the Iron Carburets, by Carl Barus and Vincent Strouhal. 
36. The Subsidence of small particles of Insoluble Solid in Liquid, by Carl Barns. 
37. 1'ypes of the Laramie Flora, by Lester F. Ward. 
38. Peridotite of Elliott County, Kentucky, by Joseph S. Diller. 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 
In preparation: 
40. Geologic notes in Northern Washington Territory, by Bailey Willis. 
H. Fossil Faunas of the Upper Devonian-the Genesee Section, by Henry S. Williams. 
-Bibliography of North American Crustacea, by Lieut. A. W. Vogdes. 
STATISTICAL PAPERS. 
A fourth series of publications, having special reference t-0 the mineral resources of the United 
tates, has been undertaken. 
Of that series the following have been published, viz: 
llineral Resources of the United States [1882), by Albert Williams, jr. 1883. so. xvii, 813 pp. Price_ 
50 cents. 
Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. so. xiv, 1,018 
Pp. Price 60 cents. 
ln preparation : 
Mineral Resources of the United States for calendar year 1885, by Albert Williams, jr. 
P Correspondence relating to the publications of the Survey, and all remittances, which must be by 
OBT!L NO'J:.E or MONEY ORDER (not stamps), should be addressed 
To THE DIRECTOR OF THE 
UNITED STATES GJDOLOGICA.L SURVEY, 
W -lSIUNGTON, D. C., October 1, 1886. 
W .A.SHINGTON, D. C. 
DEPARTMENT OF THE INTERIOR 
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PLATE I. Viviparns trochiformis; V. p_anguitchensis ; V. leidyi; V. leidyi var. 
formosus; V. raynoldsianus ..... ... .................. · ----· ..•. 
II. Goniobasis tenera; G. :filifera; G. nebrascensis; G. tenuicarinata; 
Li.t;nnrea f; L. (Leptolimnrea) minuscula ; Acella mforonema; 
Planorbis convolntus; P. (Gyranlns) militaris; Viviparus nanus; 
Hydrobia utabensis; H. recta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. 
III. Pbysapleromatis;_Bn-linus ata.vns; Physakanabensis f; P. bulJ.at-





IV. Unio. rectoides; U. mendax; Sphrerium formosum ...... ... . ·----· 46 
V. Unio rectoides?; Helix adipis ; Helix nacimientensis; Pupa leidyi Y. 50 
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RELATION OF THE LARAMIE MOLLUSCAN AND 
FRESH-WATER EOCENE FAUNAS. 
BY CHARLES A. WHITE, M. D. 
GENERAL REMARKS . 
Certain equivalent strata which are found exposed at ·various and 
widely separated localities in Utah and Southern Wyoming containing 
fresh-water types only among their fossil molluscan forms, have for sev-
eral years pa~t been known to contain a few species which are else-
where characteristic of the Laramie Group. At a few of the localities 
referred to the strata have been regarded as belonging to the Laramie 
Group, but generally they have been assigned to the base of the fresh-
water Eocene series. No difference of opinion seems to have existed 
among the geologists who have observed them as to their position in 
the stratigraphical series. They seem to have differed only in regard 
to the position of a plane. of demarkation which should separate them 
from the unmistakable Laramie strata beneath. The strata which are 
found exposed at the following-named localities are especially referred 
to in the following remarks: The vicinity of the town of Wales, . the 
valley of Twelve Mile Creek east of Mayfield, the west; base of Musinia 
Mountain -all in the large county of San Pete, Utah; Soldier's Fork, 
Utah County, Utah; Desolation Canon of Green River, Eastern Utah; 
and near Evanston, Southwestern Wyoming. Besides these, certain 
localities near Panguitch and Upper Kanai), respectively, in Southern 
Utah, ought also to be mentioned. 
ot having bad until the past season a satisfactory opportunity to 
tudy the strata at any of the- localities just mentioned, I ba.ve hereto-
fore regarded them as belonging to the upper part of the Laramie Group, 
becau e of the pr ence in them of the Laramie spemes referred to. 
Inv tigation in Utah during the past season, together with a further 
study of the collection which were previously made in that region uy 
diffi rent parties of the Government i.::urveyR, haY ~ati fietl me tbat the 
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strata of the localities which have just been named, although they con. 
tain those Laramie species, are all equivalent portions of the W-a atch 
Group,' the lowest group of the purely fresh-water Eocene series. 
In the prosecution of my :field studies during the past season more 
especial attention was given to the strata which were found exposed in 
San Pete Valley and the adjacent portion of the Wasatch Mounta ·11s, 
My principal collections of Wasatch fossils were also made from these 
strata, mainly near the town of Wales, in the hills which form the we ~ 
ern side of San Pete Valley. In that vicinity these hills are compos€d 
from base to summit of strata of the Wasatch Group, which there reach I 
an estimated thickness of about 2,500 feet. · These strata consist of 
sandstones, shales, marlites, and a few layers of impure limesto.nEJ, 
resting upon a very coarse congfomerate which forms the base of tht 
hills, alJ evidently forming one uninterrupted series from bottom t-0 
top,1 
The base of the Wasatch Gronp v.-as not recognized at this locality 
but it is probably not ~uch beneath the surface of the valley here. 
Some two or three hundred feet above the conglomerate there is a bed 
of coal, which has been worked at several points, the openings being 
known as the Wales Coal Mines. The fossils which were collected from 
t~ese strata were found at different horizons, ranging from about 100 
feet beneath the coal to the top of the hills, the vertical range of the 
fossil-bearing strata being more than 1,500 feet. I have recognized 26 
species of invertebrate fossils which were obtained here, all plainly 
belonging to one and the same fauna, and in a layer immediately abo-;-e 
· the coal some undetermined vertebrate remains were found. 
Some of these invertebrate forms are common in the Wasatch G:..·cuf 
elsewhere; three or fonr of them arc known to occur also in the Green 
River Group; some of them are characteristic Laramie species, and ome 
of them arc uew. A part of them have also been found at the Almy 
Coal Mine , uear Evanston, Wyo., and a, part were found by Ma· 
Powell in Desolation Canon; others at localities in Southern Utah 
at the west base of J\1usinia Mountain; a part were found by Mr. E. 
Howell at Twelve Mile Creek. anu one of tL~m is apparently iden · 
with a form whfoh Professor f;ope obtained from his Pucrco Grou 
Rew Mexico. 
The quivalentsof tbestrat~wllichareexpo cd neartbe town of W 
ar al o largel_y o:spo ed in the Wa arch loo ntaiu upon thee 
f an Pete ValleJ and, a ji::; men tionccl further on, tho tra 
h r found to r st conforrnably upon the Laramie. I i wor 
not in thi connecti,m that the Laramie trata upon whi h th 
w· t r Eoc ne trata re t are r ferable to the Laramie proper a 
tah. 
rt of the great Wasatch con 
m the v:i.Jley of Weber River. in Er.ho Cano 
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11 
to the strata known as the Bear River Laramie, upon which the Wasatch 
apparently lies unconformably in the vicinity of Evanston.
1 
The following is a list of the · species which were collected at the 
Wales locality. They are tabulated so as to show in part the localities 
and the different horizons at which they have been recognized. Those 
species which are indicated in the table as ranging from the Laramie 
into the Wasatch Group have been found mainly in the lower portion 
of the latter group, but some of them range more than 500 feet above 
the coal at the Wales locality, which is more than 1,000 feet above the 
base of the group. Furthermore, a small number of the species found 
in the Wasatch strata at the Wales locality are known to range into 
the Green River Group, and one at least into the Bridger Group. To .. 
this list is added the Helix and the Pupa which were obtained by Pro-
fessor Cope from his Puerco Group in New Mexico. Some of the names 
in this list are now regarded as synonyms, as will appear from remarks 
in connection with the de~cription of 'species on following pages. 
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Uruo mendax White... .. ...... X ...... ...... X .••••• ••••.. X ... ..................••• 
Unio rectoides, n. s . . . . . . . . . . . . X . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . x 9 ................•• 
Sphairium formosum Meek & X . . . • . . . .. . .. ....... ••• , • X , •• • • .. . . • • .. X .........•.• 
Hayden. 
Limnaia. -1 . . . . . . . . . . . . . . . . . . X 
Limnrea (Leptolimnaia) minus- X 
cnla White. 
Acella micron em a, n. s ..... .. . . 
Planorbis convolutus Meek & 
Hayden. 
...................... .......................... X .••••• 
1 There is now some reason to doubt whether the strata which have hitherto heen 
known as the Bear River Laramie should be regarded as a portion of the Laramie 
Group. That their position is between the uppermost of the marine . Cretaceous 
groups and the basal portion of the Wasatch, as is that of the Laramie proper 
i~ ap~arent]y beyond question, but _so far as is now known not a single fossil ape~ 
cies 1s common to both the Bear River strata and the Laramie proper. It seems 
therefore necessary to infer that the fauna of the fo~mer strata lived in a separate 
body of water; but whether it preceded, followed, or was contemporary with the 
Laramie cannot be .asserted now with confidence. The question .is rendered still 
more obscure by the fact that the Bear River fauna contains types which are not 
known in any other North ~merican strata, nor among living faunas of this conti-
nent. In these discussions reference is made to the fauna of the Laramie proper, and 
not to that of the Bear River Laramie ·· 
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Table showing range of species-Continued. 
Wasatch. 
~ 
f t § .~ Liat of fossils. 0 ~ .g 1 ~ I 1 ~ - 0 ~ 0 0 ~ ~ ~ = ~ ~ p ~ al ; = .:; 0 ce 
ai 
a;, .~ -al ~ 1 0 ... ·~ ~ 'o 
0 .~ 
a;, "al ~ fa 
~ 
~ = al 
a;, P< 
II': = 'o I> a;, d I>-> 
~ ).1 
0 E1 
E-4 w rLl ~ A 
Pol 
---------- - -
. ...... .. .... .. . .......... 












• Physa pleroma.tis White. . ..... x .................. ...... ···-· ...... ...•. ...... X 
Physabnllatula, n.s ..•• ~ •• . .•. X ••• • •• · ••••••••••••••••• •····· • • ••.•• ••• •·• • •• • • • • ·-----
BIJLL.34. 




P hysakana.bensisWhite .•••••• x7 .••••.•••••.•••••• X .•••••.•••. . •••••• .•••••• -----
!:!::.:~.::::.:.;:·~;: :: ~ :::: :: : ::: :: :::;:: :::: :: : ::::: :::: :: :::::: ··;;;· : : : : : r :: 
Helix nacimientensis, n. s...... .••••. •••••. ••••.• .••... .••••• . ••••• .••• . . X •··· · · • • - - - -
Helix adapis, n. s . . . • . . . . . . . . • • . . . . • . . . • . • • . . • • • . . . • • • • . . • • • • . . • . • • . . • . . • . X • • • • • • · • - - - · 
Pupa leidyi .Meek .... ___ .••••. . . .••. .••••. ••••.. ..•••. •••••. •••.•• ..... . X 7 .. .... · • - - • - X 
Gonioba.sis tennicarinata Meek X •••• •..••.•..••.•..••.•.•••.••••• . . . • • • •. • X 
& Hayden. 
Goniobasis. nebrascensis Meek X 
X . •• . ••.••.•.••••.• X 
X .•... . X ··-··- ___ ... 
& Hasden. 
···· ·· ............. .. --·········· . .. .... .. ... .. ... . .. .. X Gonioba.sis fili fera., n. s. ........ X 
Goniobasis tenera Hall. .. .. . . . . x 
Hydrobia recta White .. ... . .... X 
Hydrobia utahensis W~ite..... X 
. .... . . .. . . . ... . .. ... . .. X .... .. ... ... · · ···· ······ 
X . . • . • • . . . . . . ' ... . . . . • . . . . • . • . . . .. • . . . . . . . . . •• - • • - - - - •. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . - - - - -· 
.Micropyrgns minntnlns Meek . . 









X .. . ....... . . X 
X .. . .. . .. ... . X 
X ······ ·----· 
X ···--·1·-----
den. 
Viviparus raynoldsianns Meek 
&Hayden. 
X . .. ..... . . .. .. ..... . . ... ... . . . .... ........ X ······ ·-----
Viviparns pangni tche n11is X X X 
X X ··· · ·· X ·················· I·-·-- -
White. 
Viviparns nanus, n. 11 . . .. ...... X 
Cypris sanptitensis, n. s . . . . . . . . X 
The following general remarks are presented in this connection · 
purpo e of explaining the relation which the Wasatch Group 
developed in Utah, is under tood to bold to the Laramie a 
group . The intimat atigraphical relation of the L 
to the marine Cretace erie beneath it ha b c 
field geolo · ho ha died ho e trata an t 
· ery o o aurian r main in the 
t embe a 
a 
t a 
, • , 1 11 • p ri 
. ] GENERAL REMARKS . 13 
of the previously existing molluscan fauna over the whol are.1 whi 11 
wa then occupied by the Laramie waters; that is, at a certain horizon 
m the unbroken succession of strata there is an abrupt di appeara n f 
all di tioctively marineformA,1 and an equally abrupt acce , iou of m •l -
i 'h water and fresh water forms which continue through tbe wliol 
Laramie Group. · 
On the other hand similar evidence of continuous sedimentation from 
the Laramie into the Wasatch Group has not hitherto been publicly 
announced. It is true that a conformity· of the Wasatch upon th Lar-
amie in some places bas been distinctly recognized by Major ow 11 2 
and myself, but others have denied the existence of any uch c n-
formity.3 Wherever later strata have been discovered re ting UJ n 
those of the Laramie Group, as its limits are indicated in not 2, b 1 w, 
they have been found to ·be free from ·au fossil forms which an lll~ 
rea onably referred to even a slightly saline habitat, while the Larami 
trata contain many brackish water forms throughout their v rti •al 
range. 
That is, those overlying strata contain such genera of fre h-wa r 
and land mollusca as characterize existing lakes and river, and tb 
land adjacent to them. In my former writings upon the Larami Group 
I have suggested that its whole mollu can fauna ceased abruptly with 
the close of that period, for I did not then know that any of th num r-
ons fresh water species of the Laramie Group survived their bracki h-
water contemporaries and became members of the Wa atch fauna. I 
thought it probable that the physical changes which attended the x-
tinction of the brackish-water mollu ca of the Laramie ea were al o 
attended by a like extinction of their fre h-water contemporarie . 
Still, I had expressed a hope that certain of the fresh-water speci s 
1 0ne species each of Nuculana, Axin<Ea, and Odontobasis appears to hav survive 
the partial freshening of the Laramie waters; but thi fa.ct is not re ,.ard d as aft ct-
ing the general statement that true marine condition c ased at the l> ginning of the 
Laramie period. 
iReference is here made to the Report on th · · 
Powell. The plane which he then recogniz 
Group) from the marine Cretaceous group 
ami which contain fossils properly b Ion · 
ails belong to the true Laramie fauna, as i 
layers containing only characteristic 
ter Cleek Group). In these views I 
Chapter III of the report cit d, but I g 
where the distinctively marine form r 
forms c ase. It will thus be e n tha. ) 
as existing between the Laramie · an 
Larami . For my observation on th 
see T nth Annual Report of h ni 
of the Territories, pag 3 ; Eleve th 
Part I, page . 3. 
See report of the Geological urvey of t 
553; olnme II, page 201. 
(40 ) 
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woul<l yet be found to have continued their existence into 
epoch.1 
This tentative opinion not having been then confirmed by 
I coi1sidered the few species I had recognized among th 
from Utah and Southern Wyoming as being identical 
forms from the Laramie strata of the Upper Missouri Ri"F 
belong to the upper part of the Laramie beds in that mo 
region. This idea of a definite restriction of the upward 
the Laramie species seemed to be supported by Professor 
co very in New Mexico, in strata holding an intermediate 
tween well recognized Laramie strata beneath and equally 
nized Wasatch strata above, of a vertebrate fauna which is 
different from that of either of those groups. According to 
C<;>pe,2 so different is this vertebrate fauna from the faunas ·ea w 
ceded and those which follow~d it 'that he has separated the s t:ra(aM 
taining it as a distinct group under the name of the Puerco Gr 1lr, t 
tbe typical localities of this group in New Mexico and Southern olo 
he recognizes the strata containing the Puerco fauna as having at 
guishing stratigraphical characteristics. Dr. F. M. Endlich 3 an Mr.i 
H. Holmes4 also recognized that distinction in Southern Colorado -onli 
other places at which the Laramie and the Wasatch have been sromi 
in juxtaposition, especially in Utah and Southern Wyoming, the .1.1nm 
Group has not hitherto been recognized either by stratigraphica.1Jr~ 
paleontological characteristics. Professor Cope gives the maxim' 
thickness of the Puerco beds in New Mexico as about 850 feet. [~ 
this estimate Mr. Holmes essentially agrees, but Dr. Endlich estinli~ 
their thickness at something more than this in Southern Co1or1!-
All three of these authors agree, however, that the Puerco bed.::; t 
conformable with the Laramie beneath and with the Wasatch abo~ 
and they all, when those beds were first discovered, regarded them d. 
part of the Wasatch Group. 
As has been already intimated, it is now known that within an 
which comprises a large part of the Territory of Utah not only ·~ 
a true conformity of the Wasatch upon the Laramie, but e e.r. 
thf' characteristic molluscan species of the Laramie Group pa ~ 
the Wasatch trata and there become members of the pure 
water fauna of that group. In all the region where thi intima 
graphical ~n<l paleontological relation of the Wa atch to th 
1 Twelfth Annual Report of the United State Geoloaical and Geograp i 
of the Territorie , pp. 51 and 52. 
~ For a concise tatement concerning the Puerco Group and i ve 
by Profe or Cop , ijee Am rican aturalist, Volnm XIX, p. 5. For ir' noo:-.,s::: 
er nc to it vertebrat fauna by him, ee the ame olume, pp. 355 
3 inth Annual R port Unit d tate G ologica.l and Geographic 
T rritorie for 1 7;-, p. I 9. 
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. ' 
wa, ob erved the character of none of the strata of either the Laramie 
or the Wasatch was such as to suggest the propriety of separating 
them from either or both of those formations as a distinct group or even 
as a subordinate division. That is, I observed nothing in the character 
of these strata which suggested to me . the presence in that region of 
the Puerco Group of Cope. Having received from Professor Cope a 
mall collection of fresh-water and land shells which he obtained from 
typic~l Puerco strata near' the town of Nacimiento, N. Mex., and which 
are :figured on Plate I, special·searc~ was made for like forms in the 
Utah strata juHt referred to, but with the exception of the somewhat 
atisfactory identification of the Puerco Unio with U. rectoirles of the 
Wasatch strata near.the town of Wales, this search was without mate-
rial success. The probabilities are that the lower portion of the Wa-
satch series in that part of Utah represents the Puerco Group of Cope; 
but because of the now known range of molluscan species from the 
Laramie into the Wasatch Group, the actual identification of such spe-
cies alone in both the Wasatch and the Puerco would not serve to fix 
the Puerco horizon in the Utah region with precision. That is, the 
facts at present known seem plainly to indicate that while the Puerco 
fo sils which have been published by Professor Cope indicate a distinct 
epoch in the history of North American vertebrate life, neither the 
stratigraphy nor the remains of molluscan life, so far as it is now known, 
give any corresponding indication of either physical or faunal changes. 
For the present, therefore, while I do not hesitate to recognize the 
Puerco epoch as it is indicated by the ve_rtebrate fauna which Professor 
Cope has published, I am not able to recognize the existence of a dis-
tinct group of strata representing that epoch in the region which I have 
examined; that is, I admit that a ~ecord of the Puerco epoch has been 
made in the history of vertebrate life, but not in that of aqueous in-
vertebrate life, nor, except locally, in the stratigraphical series. 
The species which have been found to pass from the Laramie into the 
Wasatch are .figured and described, together with others, on following 
pages of this bulletin. Such a perpetuation of specific forms of gill-
bearing mollusks seems to make it necessary to infer that there was an 
unbroken continuity of aqueous habitat and also continuous sedimen-
tation from the Laramie to the Wasatch Group. The condition of the 
trata in that part of Utah whi~h I have recently examined also favors 
the inference a' to the continuity of' sedimentation. The area within 
which this blending of the Laramie with the W_asatch took place, al-
though large, is evidently much smaller than that over which the blend-
ii1g of the marine Cretaceous 1:,trata (not its fauna) with those of the 
Laramie has been observed. 
The strata which indicate the intimate relation of the Laramie with 
the W a atch are much disturbed in that district and the difficulty of 
tracing their succession is largely increased by the presence of surface 
debris and Yegetation upon the mountain slopes. Still, this succession 
(403) 
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was traced with a good degree of satisfaction in the canon on the 
eastern face of the Wasatch Range in Emery and San Pete _0nties, 
Utah. Beginning with the bluish marls of the Colorado Gron rn Oas. 
tle Valley I traced the successive strata without a break, a think, 
through the Fox Hills and Laramie Groups into and through t:: e Wa. 
satch Group. In addition to this is the well-known intimate r lation 
of the three groups of Eocene fresh-water deposits with each ther, 
namely, the Wasatch, the Green River, and the Bridger, especi J' in 
the Green River Basin north of the Uinta Mountains. Tbat is 
certain species of mollusks range through these three groups, 
are everywhere conformable, and it is evident that sedimentatio was 
continuous through the :whole series. 
We seem, then, to have conclusive proof that there is a complete and 
unbroken stratigraphical series in that western region, extending from 
the Middle Cretaceous to the top of the Eocene, and aggregating nearly 
or quite two miles in thickness. A remarkable fact connected with the 
production of this great series is that, while sedimentation was en-
dently not materially interrupted in at least a large part of the area 
within which those deposits are now found, the aqueous life was changed 
first from that of a purely marine character to that of alternating brack· 
ish and fresh waters, and finally to that of a · purely fresh-water charac· 
ter; that is, the waters in which this series of strata were depositel 
were first marine, then alternating brackish and fresh, and finally wholl.f 
fresh. This, of course, implies the occurrence of great physical change.'! 
upon the North American continent during the Cretaceous and Eocene 
periods, which, however, did not hlterrupt sedimentation in a large 
part of its interior. 
The inability of geologists to fix upon a definite plane of dema~ka-
tion which shall separate the uppermost of the marine Cretaceous strata 
from those of the Laramie Group has been referred to and is well known. 
It is now also known that a similar state of things really obtains within 
a large part of the Territory of Utah with regard to the strata of the 
Laramie and the Wasatch groups; and it is not strange that strata upon 
the confines of each of these groups, and containing an identical fauna. 
sben.ld have been sometimes referred to one and sometimes to the oth 
group before the fauna had been recognized a identical. So far fro 
there being an abrupt faunal break between the Laramie and the 1v: 
satch groups, a was formerly suppo ed, it is now known that 
faunal relation betwe n the two group i, more intimate than tha 
t en the Laramie and the marine Oretac ou , for no peci 
kno n to hav pa ed from the latter up into the Laramie. 
The fact of h urvival into the Wa tch epoch of ~eral 
wa r mollu ' · n p ci which hav hith rto be n regard d a 
in • clu ·iv 1 • t the L, rami naturally 1 ad u to ioquir ff"n,,n.~~,. 
t~ • 11J>JJ r I rti u of th L ri , in the pp r ... Ii 
1 n ' 1 , l rJL r fi rr d to th 
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to the Lammie. Applying the rule for the determination of the upper 
limit of the Laramie Group which I have designated on a previous 
page, it appears probable that at least the upper portion of the series 
of strata which are exposed in the vicinity of Fort Union, near the 
nwuth of Yellowstone River, should be referred to the Wasatch Group. 
That the lower portion of the series known as the Fort Union beds be-
longs to the Laramie Group_ cannot be doubted, because of the pres-
ence there of characteristic dinosaurian and other vertebrate remains; 
but there is evidently no break in that series of strata which should 
separate them as two formations. In the upper part of the series, how-
ever, only fresh water molluscan forms have been found, if we except 
one species of Oorbula, and this is understood to have come from a com-
paratively low horizon. Moreover, several of the same species of mol-
lu ks which are found in the Fort Union series of Laramie strata. are 
also found in the Wasatch strata of Utah. 
This suggestion of the in1;imate relation of the Laramie of the Upper 
:Missouri River region to the fresh-water Eocene series is apparently sup-
ported by the discovery of some fresh-water beds on the top of Sentinel 
Butte, in that region. These beds are connected with the Laramie strata 
bPneath by direct continuity, and I have suggested that they probably 
represent the Green River Group.1 
Before closing these remarks, it is thought desirable to state con-
cisely the grounds for my conclusion that the strata in the western por-
tion of our national domain form one uninterrupted series from the low-
est of the marine Cretaceous formations to the top of the Bridger Group, 
the uppermost of the fresh-water Eocene series, inclusive. 'rhese rea-
sonsiall under two separate categories, the one based upon observed 
tratigraphical conditions and the other upon the character and dis-
tribution of the fosRil contents of the respective groups of strata. 
The stratigraphical conditions which indicate continuous sedimenta-
tion from one group or formation to the riext succeeding one in this 
great series are, first, conformity, and second, absence of abrupt change · 
in the character or composition of the material deposited. · That is, al-
though there are numerous instances of unconformity within the vertical 
range of the great, series in question, especially above the distinctively 
ruarine Cretaceous strata, that unconformity in no case involves the 
whole of any formation of the series. In other words, where unconfor-
mity hetween any two formations, or any two portions of the same for-
mation, is apparent at any one locality, perfect conformity is to be found 
at some other localities. The greatest au<l most complete unconformity 
in the great series bas hitherto been understood to exi t between the 
Laramie and the Wasatch groups• but it is now known that at even this 
horizon there is perfect conformit~ within a great area which includes 
a large part of the Territory of Utah. This area ha doubtle been 
1.A.merica:i. Journal of Science, third serios, Vol. XXV, PP· 411-414. 
(405) 
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materially reduced, because the strata have been so much laced 
and eroded. 
The paleontoJogical evidence of the unbroken continuity of t:h 
of formations in question consists mainly iu the known passag 
tain species of fossils from one formation up into the next. Th ome 
of the species which existed in and about tlle estuaries of the 
waters in which theOretaceous formations were deposited survive 
brackish waters of the Laramie sea is probable, but it has not ye 
demonstrated by the specific identification of any such fossils in th 
amie strata. That certain species of molluscan fossils range tbrou 
three of the purely fresh-water Eocene Groups has long been kno-wn and 
it is now also known that there is a similar range of a considerable number 
of fresh-water species of the Laramie period which coexisted wir its 
brackish water forms, up into the Wasatch Group. Tbisdemonstrate~ the 
faunal continuity of the series from the base of the Laramie to tbe t pof 
the Bridger Group. The passage of these fresh-water species from one 
group to another is understood to indicate that there must have been a 
continuity of congenial habitat from the one epoch to the other. If that 
habitat was not continuously lacustrine, the only way in which fo is 
thought possible that any of the fresh-water species in question could 
have survived was by escaping into fluviatile waters from their origin:il 
lacustrine habitat and returning to a similar one subsequently est.al} 
lished on the same ground. The character of the deposits in which the e 
fossils are found indicates that sedimentation was continuous from the 
Laramie to the Wasatch, and an aqueous habitat was therefore continu-
ous from the one epoch to the other. The survival into the latter epoch 
of certain species which flourished in the former one shows that that 
habitat was continuously a congenial one to them. This conclusion, of 
course, implies that the indfriduals of those surviving species who e 
remains are fouud in the upper formation were direct lineal descendant~ 
of those in the lower. There appear to be only two alternatives to thi: 
conclusion, first, that the species have been incorrectly identified, or. 
second, that they were reintroduced after they had once become extinc~ 
In the light of modern zoology tbe latter proposition is not tllought to d 
mand serious consideration. As to the former, it can only be aid t · 
tlle pecific determinations in tho e ca es have been made with a ma 
confidence in their accuracy as may reasonably attend any work of 
kind. 
In conn ction with thi , statement · 
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waters it is much less than in the oven marine, and in lacustrine waters 
the minimum of differentiation is fountl. 'rhe large collections of fos-
sil mollusca which have been made in different parts of the world indi-
cate that thi~ slight tendency to differentiation among fresh-water mol-
lusca has always obtain.ed in past geological time; also, that types once 
established have persisted through a long series of geological periods. 
Therefore it has become known that fossi1s of fresh-water origin are of 
little Yalue, compared with thoso of marine origin, as indices of the true 
geological age of the strafa containing them. In consequence of this, 
the real value of fresh-water fossils as aids in the study of stratigraphi-
cal geology has been underestimated. While it is admitted that these 
fresh-water forms are of little value in <-letermining the geological age 
of strata, they are really of as great importance in the study of local, 
and even of continental, geology as are any other fossils. Indeed, it 
would be quite impracticable to ascertain whether the waters in which 
formation-shave been deposited were marine, brackish, or fresh, except 
by the character of the contained fossils. 
Fresh-water formations of considerable extent can only be produced 
upon continental areas, and they consequently record phases of conti-
nental history of which marine formations give no indication. In West-
ern North America the fresh-water deposits rival in extent and thickness 
the great marine formations; and it would have been impossible to ar-
rive at the knowledge of them which we have now attained except by a 
study of their fossils. Each of these great lacustrine formations has its 
own distinguishing fauna, the uniform character of which over great 
areas is quite remarkable. So large has been the area of some of the 
fresh-water seas in which these deposits were formed, and so uniform the 
conditions under which they existed, that the geographical distribution 
of species in tllem has been nearly or quite as great as the average of 
that of mariue mollusca. For exa,mple, some of the species of the Lara-
mie Group have been found at points more than a thousand miles apart; 
and in the fresh-water Eocene groups the molluscan fauna is practicaily 
identical at points as much as 200 miles apa,rt. 
In view of the above indicated. estimate of the value of fossils of fresh-
water origin in the study of the geology of great continental areas, I 
have not hesitated to use them with confidence in the foregoing discus-
sions. 
(407) 
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DESCRIPTION OF SPECIES-MOLLUSCA. 
UNIONIDJE. 
Genus UNIO Retzius. 
UNIO MENDAX White. 
(Plate IV, Figs. 2, 3, and 4.) 
Unio vetustus (Meek) White, 1876; Report upon United States Geographical Surveys 
West of the One Hundredth Meridian, Vol. IV, p.206,pl. xxi,fig. 12,a,b,c,d, 
Unio mendax White, 1877; Bnlletin of the United States Geological and Geographical 
Survey of the Territories, V-01. III, p. 605. 
Dnio mendax White, 188:1; Third Annual Report United States Geological Survey, 
1881-'82, p. 433, pl. 18, figs. 3, 4, 5._ 
Shell of medium size, subelliptical in marginal outline; valves mod-
erately gibbous, the postero-dorsal portion of each valve more or less 
:flattened, and in the case of the examples which are regarded as females 
there is a Rlightly increased convexity of the median portion; test some-
what thin; beaks situated near the front, inconspicuous, and only 
slightly elevated above the hinge line; the um bones scarcely differing 
in their convexity from that of the adjacent portion of the valves; an-
terior margin rounded by a somewhat regularly diminishing curve to 
the basal margin; the convexity of the latter margin sometimes slight 
and sometimes considerable, the difference being probably due to sex; 
dorsal margin nearly straight or slightly convex; posterior margin 
sloping downward and backward from the dorsal margin to the postero-
ba.sal extremity, which is narrowly rounded to the ba8al margin. Sur-
face marked by the ordinary lines of growth. Numerous small wrinkles 
are usually visible upon the beaks; and two sharply-raised lines radiate 
from the beak upon the postero-dorsal portion of each valve. The test 
being somewhat light the hinge is also more delicate than is usual with 
shells of Unio of equal size, but the lateral and cardinal teeth are those 
of true Unio. 
Length of an adult example, which is probably a female, 64mm; height, 
39mm. trhe proportionate length of males is apparently a little more. 
This species was first described by me in Volume IV, Report upon 
United States Geographical Surveys "\Vest of the One Hundredth Me-
ridian (loo. cit.), and erroneously referred to the U. vetustus of Meek. 
The types of Meek's species came from the Bear River Laramie, while 
the specimens of this species came from the Wasatch strata near ·wales, 
Utab. The specimens which I then figured and described are probably 
males, and their proportions differ a little from those of the specimens 
figured in this bulletin. These figures are copied from plate 18 of the 
Third Annual Report of the U: S. Geological Survey. 
Thi is one of the plain oval types of Unio which has been so com-
mon in that great ·genus from the Jurassic period to the present time. 
(408) 
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I ndeed it is closely like ti.le . n1 11 l H ' .. 
publislled as coming from th } Jun th Yi 
mns. 
Locality and position.-Thi i 
at the Desolation Oafiou and \ al 
to be found at any locali ty of th 
vertical range was found to b m r 
locality. 
. ). 
(Plate IV, l?icr . . 1; au l lat d 2.) 
Shell trans,Tersely elongat , u b llip i , 1 in m r 0 'inal 
margin regularly rounded ; ba al m r rin br a<ll T • n ;; ; p 
margin sloping downward and bacb ar l to th p t r 
which is narrowly rounded to th ba ; b ak ·i u 
quarter of the length of the sh 11 from th fr n , in nr 
prominent, elevated above the hinge line. urfac pl in. 
Length, 90mm; height, 47mm, 
This form was found associated with U. mendax at th 
W hile the range of variation is dou btle s gr at in all p ci 
there seems to be too much difference between th form abo 
and U. ·rnendax to allow them to be referred to the sam p cie . Th 
p rincipal differences·are the greater proportionate length of U. reotoides, 
the prominence of its umbones, and the greater distance of the beaks 
from the front. This fossil form bears some resemblance to the living 
U . rectus Lamarck. 
Locality and position.-The specimen :figured on Plate IV, together 
wi th some other less perfect examples, was obtained at the Wales lo-
cality. A fragment which is :figured on Plate V~ and which probably 
b elongs to this species. was obtained by Professor Cope from his Puerco 
Group near the town of N acimiento, New Mexico. 
CYRENID.IE. 
Genus SPHlERIUM Scopoli. 
SPHJERIUM FORMOSUM Meek and Hayden. 
(Plate IV, F igs. 5 and 6.) 
Gyclas fo1·mosa M. and H. Proceedings of the Academy of Natural Sciences, Phila., for 
1856, p. 11:::. 
Sphreriu1n formosu"m M. and H. Proceedings of the AQademy of Natural Sciences, 
Phila., for 1860, p. 185. 
Sphwriumformosum Meek, 1876. Report of the United States Geological Survey of the 
Territories, Vol. IX, p. 526, pl. 43, fig . 4, a, b, c. . 
Sphreriurn forr,wsum White, 1883. Third Annual Report of United States Geological 
Survey, p. 539, pl. 17, fig. 11. 
In the Wasatch strata, at the locality near Wales, Utah, some ex-
amples of a Sphrerium were found which appear to be identical with 
(409) 
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the S. formosum of Meek and Hayden, the type specimens of which 
were obtained from the Fort Union Laramie 8trata. Tbe best one of 
the specimens which were found at the Wales locality is represented 
by Figure 6 on Plate IV. Figure 5 on the same plate represents the 
t.ype specimen of Meek and Hayden; it being a copy of their original 
figure. 
LIMN .lEID.lE. 
Genus LIMNlEA. Lamf!,rck. 
LIMN1EA ---? 
(Plate II, Fig. 1:3.) 
. A single imperfect example was found at the Wales locality, which 
evidently belongs to the genus Limnrea and the general aspect of 
which is like that of the living species, L. columella. No species of 
IAmnma is yet known from either the Laramie or the Wasatch Group 
to which this form can be properly referred; but it is possible that it 
is only a variety of the L. similis of Meek, from the Bridger Group of 
.Southern Wyoming. The specimen is too imperfect to allow of a satis-
factory specific description. 
Subgenus LE PTO LIMN .JE A Swainson. 
LIMN.A:i:A (LEP'l'OLIMN.A:i:A) MINUSCULA White. 
(Plate II, Pigs. IO, 11, 12.) 
Limnrea (Leptolimnwa) rninuscitla White, 1880; Proceedings of the United States Na-
tional Museum, Vol. III, p. 160. 
Limn03a (1 eptolimnma) minuscula White, 1883; Third Annual Report United States 
Geological Survey, p. 4411, pl. 29, figs. 24 and 25. 
Some imperfect examples, one of which is figured on Plate II, were 
found among the other fossils in the Wasatch strata at the Wales locality, 
which appear to belong to L. ( L.) minuscula White. . The type speci-
mens of this species were found in strata upon the confines of the Wa-
satch and Green River Groups in Southern Wyoming. Figure 10 on 
Plate II represents one of the examples found at the Wales locality; 
and Figures 11 and 12 represent one of the type specimens. 
Genus AOELLA Haldeman . .. 
ACELLA MICRONEMA (sp. nov.). 
(Plate II, Fig. 14.) 
Among the fossils which were collected from the Wasatch strata at 
the Wales locality are Revera! fragments of a small limnmid which is 
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referable to the genus A.cella. Th e fragment are uffi i '11 t 
good idea of the outline and gen ral charact r of th b 11, l u 
them are sufficiently perfect to b :figur d sati factoril . I ha 
fore prepared an outline which i und r tood to repr nt th 
aspect of the species, and which i given on Pl t II, Fig, 14. ~r-
face is marked by fine distinct, uniform line , th dir tion of wh1 •11 
corresponds with the lines of growth of the -= h 11 and appro imat l 
also with its axis. 
The length of adult shells was apparently from 10 to 12 rni11im t r". 
This shell is perhaps specifically identical ~ ith h fi rm hich I fi uml 
associatr.d with the preceding species in strata near th jun tion f h 
Wasatch and Green River Groups in Southern W omino-. It i m n-
tioned but not described on page 160, Volume III, of th Proce din er of 
the United States National Museum. 
Genus PLANORBIS Miiller. 
PL.A.NORBIS C0NV0L UTUS Meek and Ha d n. 
(Plate II, Fig. 15.) 
Pla1101·bis convolntus M. and H., 1876; Report of the United Sta.tea G ologica.l Survey 
of the Territories, Vol. IX, p. 536, pl. 42, figs. 11 and 12 . 
.Planorbis convolutus White, 1883; Third Annual Report United States G ologicnl Sur-
vey, p. 447, pl. 27, fig. 16. 
Some imperfect examples of a species of Planorbis were found among 
the other Wasatch mollusca at tbe Wales locality which do not eem to 
differ specifically from P. convolutus Meek and Hayden. The t,ype speci-
mens of P. con,volutus came from the Laramie strata of the Upper Mis-
souri River region; and these Wasatch specimens agree with them so 
closely that they cannot be regarded as anything more than a variety. 
A few fragments of a Planorbis were also found in the Wasatch strata 
near Evanston, Wyo., which probably belong to this species. 
Subgenus G YR .A. u Lu s .Agassiz. 
PL.A.NORRIS (GYR.A.ULUS) l\HLITARIS White. 
(Plate II, Figs. 16 and 17.) 
Planorbis ( G-1.Jraulus) rnilitaris White, 1880; Proceedings of the National Museum, Vol. 
III, p. 159. 
Planorb,is (Gyraulus) militaris White, 1883; Third Annual Report United States Geo-
logical Survey, p. 447, pl. 28, figs. 10 and 11. 
The type specimens of this species came from near the headwaters 
· of Soldier's Fork, Utah County, Utah, the strata contai~ing them be-
ing a portion of the Wasatch Group. Some imperfect examples were 
obtained at the Wales locality. The species has also been recognized 
_ in strata upon the confines of the Green River and Wasatch Groups in 
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Southern Wyoming. The figures on Plate II are copies of the original 
figures which were published in the work last above cited. 
PHYSID.lE. 
Genus PHYS.A Draparnaud. 
PHYSA PLEROMATIS White. 
(Plate III, Figs. 1, 2, 3, 4, 5, and 6.) 
Physa pl&omatis White, 1875; Report upon United States Geographical Surveys West 
of the One Hundredth Meridian, Vol. IV, p. 211, pL xxi, fig.1, a, b. 
Physa pleromatis White, 1883 ; Third Annual Report United States Geological Survey, 
p. 450, pl. 30, figs. 6, 7, 8. • 
The original specimens of this sp9cies came from Wasatch strata in 
Utah which are equivalent with those at the Wales locality, where nu-
merous examples were also obtained. Specimens of this species are 
likewise often met with in the Wasatch strata north of the Uinta Mount-
ains, in which region it also extends up into the base of the Green 
River Group. 
· The specimens which were collected at the Wales locality, as well as 
those collected elsewhere, show great variation as to form and propor-
tions. So great is this range of vadation that in the absence of inter-
mediate forms no one would hesitate to refer the specimens showing 
the two extremes of variation to different species. The specimens 
illustrated on Plate III show much variation, but not the full extremes, 
especiaJly as shown in the young. 
PHYSA KANABENSIS White. 
(Plate III, Figs. 11, 12, and 13.) 
Physa kanabensis White, 1876; Report upon the Geology of the Uinta Mountains, by 
J. W. Powell, p. 119. 
The original specimens of Physa kanabensis were obtained by Major 
Powell from strata in Southern Utah which he then regarded as belong-
ing to the Laramie (Point of Rocks) Group. These were described by 
me (loc. cit.), but the .specimens were too imperfect to be satisfactorily 
figured. Several imperfect examples of a form which probably belongs 
to the same species were found in the Wasatch strata at the Wales 
locality, already often mentioned. These specimens show that the last 
volution was proportionally much more inflated than the others. The 
original specimens of P. kanabensis did not show this, but it is probable 
that they were not fully adult. Figs.11 and 12 l'epresent two imperfect 
examples from the Wales locality and Fig. 13 is a restored outline of 




PHYS.A. IlULLA'l'A ( p. nov.). 
(Plate III, bg . 14, 15, 16, and 17'.) 
Shell small, ovoid; volutions four or fl in numb r, th 
large and ventricose ; spire small and hor , forming only c 11 part 
of t~e length of the shell. Surface mark db th u u lline f grow b. 
Length of one of _the largest example , 15mm; gr t t br dth of th 
same, 10mm, 
11his species is closely like the living P. bullata G uld, but it 
to differ from that and from other fo il form t o much to ju 
its reference to any published specie . A ou id r bl numb r of 
amples of this form were collected which how a good d (Yr of ari• 
tion. The last volutiou of some of the specim n i much exp nded, 
making the aperture very broad, but in oth r e ·ampl ' th xpan ion 
is less. The length of the spire is a.Jso variable, but it i hort in all 
cases. 
Locality and position.-Wasatch strata, near Wal , Utah; and al o 
at several other localities in equivalent strata in the Wasatch Mountains, 
east of San Pete Valley. 
Genus BULINUS Miiller. 
BULINUS A.TA VUS White Y 
(Pfate III, Figs. 7, 8, 9, and 10.) 
Bulinus atamts White,· 1877; Bulletin United States Geological and Geographical Sur-
vey of the Territories, Vol. III, p. 601. 
Bulin.us atavus White, 1880; Twelfth Annual Report of the United States Geological 
and Geographical Survfy of the Territories, Part I, p. 86, pl. 24, fig. 5, a, b. 
Bulinus atavus White, 1883; Third Annual Report of the United States Geological 
Survey, p. 450, pi. i5, figs. 6 and 7 . 
.Among the fossils collected from the Wasatch strata at the Wales 
locality in Utah are some examples which are closely like, if not iden-
tical with, the form which I described (loc. cit.) under the name of Bu-
linus atavus. The Utah specimens are not quite perfect, but so far as 
they exhibit their specific characters they seem to differ from the type 
specimens only in being of smaller size. The t,ype specimens were 
collected by Professor Cope from · the Judith River Laramie beds in 
Montana.. 
Among· the Physidrn which were collected from the Wasatch strata 
at the Wales locality in Utah are some more or less imperfect examples 
wb icl.J do not seem to be referable to any of the preceding species. Some 
<?f these closely resemble the Bulinus sube"longatus of Meek and Hayden, 
the types of which they obtained from the Laramie strata at the mouth 
ot· Judith B,iver, Montana. Some fragments found in the Wasatch 
strata near Evanston, Southwestern Wyoming, appear also to belong 
to the last-named species. 
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ANCYLIDJE. 
Genus A0ROLOXUS Beck. 
ACROLOXUS ACTINOPHORUS (sp. uov.). 
(Plate II, Fig. 22.) 
Shell small, elongate, subelliptical in marginal outJine, somewba t 
wider in front than behind; apex situated at a little more than one-
quarter of the full length of the shell from the posterior end. Surface 
marked by the ordinary lines of growth, which are crossed by a multi-
tude of minute radiating lines, the lattel' being visible only under a 
lens. 
Length, 4mm; breadth, 3mm. 
This form is possibly identical with the A. minutus of Meek and Hay-
den, from the Laramie strata at Fort Union. Mont. It seems to differ 
specifically from that form, however, in po~sessing the :finely radiate 
markings of the surface and in being proportionally longer. 
Locality and position.-Wasatcb strata near the town of Wales, Utah. 
HELICIDJE. 
Genus HELIX Linnreus. 
HELIX NACIMIENTENSIS (sp. nov.). 
(Plate V, Figs. 3, 4, 5, 6, and 7.) 
Shell large, umbilicate; volutions six or seven in number, broadly con-
vex upon the upper side, increasing regularly in width, but the depth 
is somewhat rapidly increased adjacent to the umbilicus upon the ma-
turity of the sbell; the periphery of the shell somewhat sharply angu-
lar in tbe earlier stages of growth, but it is obtusely or even obscurely 
so in its later stages; spire convex; apex obtuse; under surface of the 
last volution broadly ccnvex from· the periphery to the border of the 
umbilicus, which is abruptly rounded; outline of the aperture approx-
. imately semi-lunar, obtusely angular both above and below; the outer 
. lip is apparently neither thickened nor reflexed. 
Greatest diameter of the largest example in the collection, 42mm; 
height, 33mm. 
This species is related to H. peripheria White, but it is a much larger 
shell, and the peripheral angle is much sharper i11 specimens of equal 
size than it is in H. pcripheria. 
Locality and position.-Puerco strata, near the town of Nacimiento, 
N. Mex., where it was collected by Professor Cope. 
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HELL~ ADII r. ◄ (· l, 11 .). 
(Plnt 
Shell small; spire moclcrat 1: ,J at d; 
outer lip apparently slightly r fl ., d, lmt n 
surface marked by regular trau v .r 
direction with the Jines of growth. 
Height, 3mm; diameter, 5mm. 
Only two examples of thi littl 
blethat they are immature, bnt th , appear t 
species resembles H. evanstoncn fa hit ~ fr m th 
Eranston, Wyo., but tha.t shell i larg r an<l b, it um ili u 
Locality and position.-Puerco Group, near t,he t n f acimi 
N. Mex.; where it was obtained by Profes or Cop , h f nnd it 
ciated with both the preceding and the follo 
PUPIDJE. 
Genus PUP A Lamarck. 
PUPA LEIDYI Meek' 
(Plate V, Figs. 8, 9, and 10.) 
7 
Pupaf leidyi Meek, 1873; Sixth Annual Report of tho Unitecl States Geological Sur-
vey of the Territories [for 1872], p. 517. 
Associated with the preceding species, and among the few shells col-
lected by Professor Cope from his Puerco Group near the town of Naci-
miento, N. Mex., are some specimens which seem to be specifically iden-
tical with Pupa leidyi Meek. I have never been able to find Meek's type 
of P. leidyi among the collections of the National Museum, and I am 
therefore obliged to rely upon his description alone. This description 
agrees too closely with the specimens from New Mexico to justify their 
reference to any otl:~er species except upon the ground that they come 
from different horizons. Meek's types came from the top of the Green 
.River Group or from the base of the Bridger, while the New Mexican 
specimens come from a horizon which is apparently 4,000 or 5,000 feet 
lower. 
I have shown on a previous page of this bulletin that the fresh-water 
series of strata is complete from the Laramie Group to the Bridger, in-
clusive ; and there seems, therefore, to be no good reason to <loubt that 
this rnolluscau form lived continuously through the whole time in which 
those formations were <l.eposited. 
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CERIPHASIIDlE. 
Genus GONIOBASIS Lea. 
GoNIOBASIS 1-'ENUICARINATA Meek and Hayden. 
(Plate II, Figs. (i, 7, 8, and 9.) 
Melania tenuicarinata M. and H.; Proceedings of the Academy of Natural Sciences, 
Phila., for 1857, p. 137. 
Goniobasis tenuicm·inata M. and H., 1876; Report on tho United States Geological Sur-
vey of the Territories, Vol. IX, p. 566, pl. 43, fig. 14, a, b, c. 
Gonfobasis tenuicaririata White 1875 · Report upon United States Geographical Sur• 
veys West of the On~ Hundredth Meridian, Vol. IV, p. 212, pl. xxi, :fig. 10, 
a, b, c. 
Gof'liobasis tenuicm·inata White, 1883; Third Annual Report of the United States Geo-
logical Survey, p. 463, pl. 26, :fig. 11. 
This is one of the best known of the gasteropods of the Laramie 
Group, it having been found at different localities in Montana and 
Colorado; and it was formerly supposed to be confined to that group. 
Tlle type specimens of Meek and Hayden ,came from the Laramie strata 
near Fort Union, Mont.; and the specimens which I figured in Volume 
IV, Explorations and Surveys (loo. cit.), came from the Wasatch strata 
at the Wales locality in Utah, as did ·also those represented by Figs. 6, 
7, and 8, Pia,te II, of this bulletin. A large number of specimens bave 
been obtained from the Wales locality wbMh, while tbey vary consider-
ably among themselves, possess all the essential characteristics of the 
species. Indeed, there seems to be no reason to doubt that tbese 
W asatcb specimens are in an respects specifically -identical with those 
which have been obtained from undoubted Laramie strata. 
GONIOBASIS NEBRASCENSIS Meek and Hayden. 
(Plate II, Figs. 4 and fi.) 
Melania nebrascensis M. and H.; Proceedings Academy Nat.ural Sciences, Phila., for 
1856, p. 124. 
Goniobasis riebrascensis M. and H., 1876 ; .Report of the United States Geological Sur-
vey of the Territories, Vol. IX, p. 565, pl. 43, fig. 12, ,a, b, c, d, e, f. 
Goniobasis neb1·ascensis White, 1875; Report upon United States Geographical Surveys 
West of the One Hundredth Meridian, Vol. IV, p. 213, pl. xxi, fig. 9, a, b, c. 
Gonioba.sis neb1·ascensis White, 1883; Third Annual Report United States Geological 
Survey, p. 463, pl. 26, .figs. 15 and 16. 
This species is a very variable one, and it seems to have been in part 
confounded with another similar form which occurs in the Laramie strata 
of Montana. The specimen represented by the :figures on plate 26 of 
the work last above cited is especially referred to. Those copied :figures 
are still more widely <li:ff-ereut from what I regard as the typical form of 
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0. nebrascensis by the failnr 
which appear in Meek s ori · · 
which were found at th 
Gilbert were pronounced b 
cal with 0. nebrascensis. 
tenidcarinata, as the _two f 
quite apparent; but the d 
not there found associate 
to G, nebrascensis has al o b 
ham been made from W a at h 
olation Canon, Utah. 
(Plat II, Fi rr . 1 and .) 
Cerillriuin tenerum Hall, 1845 ; Exploring E xp diti n Or u ud rtb rn alifor-
nia (Fremont), p. 308, pl. iii, fig. 6. 
Goniobasistenera White, 1875 ; Report npon United tat G ograph i al ur West 
of the One Hundredth Meridian, Vol. IV, p . 21 , pl. y ·i , fia . 11, a, b, a. 
Goniobasis tenera White, h383; Third Annual Report of th nit d ta G ological 
Survey, p. 464, pl. 31. 
This species is one of the most common for m in th fre h · water 
Eocene strata of the West, and it ranges from t he W a atch Group to 
theBridgerGroup inclusive. It varies so greatly in it urface markings, 
and also in size, that no less than fl. ve specific names have by different 
authors been given to forms all of which I now regard as belonging to 
this species. Examples of all these varieties are figured on plate 31 
of the work last above cited, so arranged as to show a gradation from 
nearly plain to highly ornamented examples. Some imperfect exam-
ples of the typical variety tenera were found near the top of the series 
exposed at the Wales locality. 
GONIOBASIS FILIFERA. (sp. nov.). 
(Plate II, F ig . 3.) 
Som ; imperfect examples of a species of Goniobasis were found at the 
Wales locality, in Utah, associated with G. tenuicarinata and others of 
the forms which are described ou previous pages, which evidently be-
long to an unpublished species. The shell is rather small, slender; 
the volutions convex and marked by three or more revolving raised 
Jines, similar to those which mark the volutions of G. tenuicarinata. 
The revolving lines are only two in number in one of the examples and 
jn a nother there seems to be only one. No indication of longitudinal 
folds, such as mark G. tenera, nor of fine revolving strioo, such as ap-
pear upon G. tenuicarinata, between the carinoo, have been observed. 
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RISSOIDlE. 
Genus HYDROBIA Hartmann. 
HYDROBIA RECTA White. 
(Plate II, Fig. 21..) 
H.'IJdrobia recta White, 1876; Geological Report of the Uinta Mountains by J.W. Powell, 
p. 132. 
Hydrobia recta White, 1883; Third Annual Report of the United States Geological 
Survey, p. 466, pl. 27, fig. 38. 
The original specimens of this species were obtained from the coal-
bearing Wasatch strata, near Evanston, Southwestern Wyoming. Num-
erous imperfect examples were also found at the Wales locality, in lay-
ers associated with the coal, and also in other layers several hu11dred 
feet above the coal. These specimens were all crushed by pressure of 
the strata, and are otherwise imperfect, but they seem to be specifically 
identical with the type specimens. The latter are also imperfect. They 
are represented on Plate II of this bulletin. 
In view of the purely fresh-water molluscan types with which these 
shells have been found associated there is reason to doubt whether the 
species ought to be referred to the genus Hydrob-ia. Perhaps it might 
with better reason be referred to Bythinella or to Paludistrina. 
HYDROBIA UTAHENSIS White. 
(Plate II, Fig. 20.) 
Hydrobia utahensis White, 1876 ; Geological Report Uinta Mountains, J. W. Powell, 
p. 1:32. . 
Hydrobia utahensiM White, 1883; Third Annual Report of the United States Geologi-
cal Survey, p. 466, pl. 27, fig. 35. 
The type specimens of this species came from the Wasatch strata at 
the west base of Musinia Mountain, San Pete County, Utah. It was 
also found in equivalent strata at the Wales locality; but the latter 
specimen8 are not well preserved. Copies of the original figures are 
given on Plate II of tLis bulletin. 
In view of the close faunal relationship which the Wasatch Group is 
now known to hold to the Laramie, it seems not improbable that Hy-
drobia utahensis ought to be regarded as specificaUy identical with H. 
eulimoides Meek and Hayden. The latter was obtained from the Lara-
mie strata of the Upper Missouri River region. The remarks which 
are made concerning tile generic relations of the preceding species are 
also applicable to this. 
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Genus MICROPYRGUS Meck. 
MICROPYRGUS MINUTULUS Meek aud Hayden. 
(Plate II, Fig. 24.) 
31 
Melania minut,ula M. and H.; Proceedings of tho Academy of Natural Sciences, 
Phila., for 1856, p. 123. 
Jlicropyrgu8 ininutulus Meek, 1876; Report of the United States Geological Survey of 
the Territories, Vol. IX, p. 575, pl. 43, fig. 18, a, b. 
Micropyrgus minut1dus White, 1883; Third Annual Report of the United States Geo-
logical Survey, p. 465, pl. 26, fig. 20. 
Some small shells which were found in the W asa,tch strata at the 
Wales locality, imbedded in one of the thin lime tone layers, appear 
to be specifically identifie<l with Micropyrgus minutulus Meek and Hay-
den. The only appareut difference h, that the Utah specimens are some-
what larger than the dimensions given by Meek and Hayden. Their 
type specimens came from the Fort Union Laramie strata in Montana. 
The figures on Plate II are copied from Meek's original :figures. They 
are muchen larged. 
VIVIPARID.l:E. 
Genus VIVIP ARUS Gray. 
VIVIPARUS TROCHIFORMIS Meek and Hayden. 
(Plate I, Figs. 1, 2, 3, 4, and 5; conf. Figs. 6 to 13.) 
Viviparus trochif orrnfa M. ancl H. ; Proceedings of tho Academy of Natural Sciences, 
Phila., for 1860, p. 185. 
Viviparus trochiforrnis White, 1875; Report upon United States Geographical Surveys 
West of the Ono Hundredth Meridian, Vol. IV, p. 214, pl. xxi, fig. 4, a, b, c. 
Vi-viparus t1·ochijormis Meek, 1876; Report of the United States Geological Survey of 
tho Territories, Vol. IX, p. 580, pl. 44, fig. 2, a, b, c. 
Viviparus trochiformis White, 1883 ; Third Annual Report of the United States Geologi-
cal Survey, p. 467, pl. 24, :figs.10 to 16. 
Compare also with V. leidyi, V. leidyi var. formosus, and V. raynoldsianus Meek and 
Hayden (loc. cit.), and also with V. panguitchensis White, Third Annual Re-
port of the United States Geological Survey, p. 467, pl. 25, figs.19, 20, and 21. 
This species was originally described by Meek and Hayden from the 
Laramie strata of the Upper Missouri River region. It was afterwards 
recognized by me among the fossils which were brought from certain 
str~tta in Utah which have since been ascertained to belong to the 
Wasatch group. Upon a re-examination of the collections referred to, 
11.nd also a study of those which I collected during the past season at 
the Wales locality, I am still convinced that those Utah examples are 
speci1ically identical with the original specimens brought from Montana. 
li'urtbermore, I fin<l in the Utah collections varietal forms which may 
ri tb. propriety be referred respectively to V. leidyi and V. raynoldsianus. 
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Again, I find among those collections intermediate forms which seem 
to show that these are only varieties of V. trochiformis. Some of these 
varietal forms indicate that V. panguitchensis ought also to be consid-
ered as a variety of V. trochiformis. Besides this close relationship 
among themselves of the forms just named, I have shown in the work 
last above cited the intimate relation which Titlotoma thompsoni Wpite 
holds to Viviparit8 trochiform-is. 
VIVIPARUS NA.NUS (sp. nov.). 
(Plate II, Figs. 18 and 19.) 
Viviparus -- f White, 1875; Report upon United States Geographical Surveys 
· West of the One Hundredth Meridian, Vol. IV, p. 215, pl. xxi, fig. 7, a, b. 
Shell small, tbe axis short as compared with the transverse diameter; 
volutions five in number, regularly convex; surface plain. 
Height of the largest example in the collection, 10mm; greatest diam-
eter, gmm. 
When this form was first noticed by me (loc. cit.) the specimens then 
obtained would not justify the application of a new specific name. 
During the past season, however, I collected a considerable number of 
nearly perfect examples, which indicate that it really belongs to an un-
published form. I have, therefore, given it a new specific name. 
Locality and position.-Wasatch strata, near Wales, Utah, and in 
equivalent strata at several localities in the Wasatch Mountains. 
ORUSTA.OEA.. 
CYPRID.lE. 
Genus CYPRIS Millier. 
CYPRIS SANPETENSIS (sp. nov.). 
(Plate II, Fig. 23.) 
Shell obliquely oblong in marginal outline, wider behind than before; 
anterior margin rounded; ventral margin straight and also a little 
longer than the dorsal; posterior margin gently convex, and sloping 
downward and a little backward from the dorsal to the ventral margin; 
_valves moderately convex, and a very slight transverse depression is 
observable towards the anterior end. 
Length, 2mm; height, 1mm. 
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PLATE I. 
Page. 
VIVIPARUS TROCBIFORMIS AND RELATED FORMS................ . ............ 31 
Fig. 1. Viviparus trochiformis from the Fort Union beds; a t,Opy of Meek's 
type figure. 
Figs. 2 and 3. Opposite views of another example, also from the Fort Union 
beds. 
Figs. 4 and 5. Opposite views of an example from the Wasatch beds near 
Wales, Utah. This specimen is more elongate than usual. 
Figs. 6, 7, and 8. Views of each of the three types of V. panguitohensis; from 
Southern Utah. 
Fig. 9. A copy of Meek's type figure of V. leidyi. 
Figs. 10 and 11. Copies of Meek's figures of V. leidyi var. formosus. 
Figs.-12 and 13. Copies of Meek's figures of V. raynoldsianus. 
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GO NI OB.A.SIS TENER.A ••••••••••••••••••••••••••••••••••••• - •••••••••••••••••• 
Figs. 1 and 2. Views of two typical examples; natural size. 
GONIOBASIS FILIFERA •••• - ••••••••••••••••• - ••••••••••••••••• - - - - - .••••••• 
Fig. 3. View of one of the type specimens; enlarged. 
GONIOBASIS NEBRASCENSIS ••••••••••••••• ~ ................................ • • 
Figs. 4 and 5. Views of two. examples from the Wasatch beds near Wales, 
Utah; natural size. • 
GO.NIOB.A.SIS TENUICARINATA ................................................ . 
Figs. 6, 7, and 8. Examples from the Wasatch strata near Wales; Utah; 
natural size, 
Fig. 9. Copies of Meek's original figures of the type specimen, from the Fort 
Union beds. 
LIMN.EA (LEPTOLIMN1EA) MINUSCUL.A. ••••••••••••••••••••••••••••••••••••• - • • 
Fig.10. An example from the Wasatch beds near Wales, Utah; enlarged. 
Figs.11 and 12. Opposite views of the type specimen, from Southern 
Wyoming; enlarged. 
LIMN .EA --- ' ••••••• - •••••• - • - - • - • - • - - • - •••• - • - • - ••• - - - ••••••••••••••••• -
Fig. 13. La_teral view of an imperfect example; natural size. 
A CELLA M:ICRONEMA •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Fig. 14. A restored outline; enlarged. 
PLANORBIS CONVOLUTUS ••• ••••••••••••••••••••••••••••••••••••••••••••••••• 









PLANORBIS (GYRAULUS) MIUTARIS •••• •••••• •••• •••• •••• •••• •••• •••• •••• •••• 23 
Figs.16 and 17. Opposite views of one of the type specimens; enlarged. 
VIVIPARUS NANUS • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. •• 32 
Figs. 18 and 19. Opposite views of an adult example ; enlarged. 
l-IYDROBIA UTAHENSIS. • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 30 
Fig. 20. Lateral view of the type specimen ; enlarged. 
HYDROBIA RECTA •••••• •••••• •••••• •••••• ---- •••••••••••••• ---· •••••• ·•••••• 30 
Fig. 21. Views of the type specimens; enlarged. 
ACROLOXUS ACTINOPHORUS ............................ _... •• • •• • ••• ••• • • • •• • 26 
Fig. 22. Apical view of the type specimen, from the Wales locality; en-
larged. The figure is a partial restoration, the specimen having been 
somewhat crushed. 
CYPRIS SANPETEN'SIS •••• •••••• •••••• .••••••••••• ---- •••••••••••••• ---- -····· 32 
Fig. 23. Lateral view of a left valve; enlarged: 
MICROPYRGUS MINUTULUS ••••••••••••••.••••••••.••••••••••••• •. • • • • • • • • • • • 31 




















4 , 5. 
6, 7 , 8, 9. 
10, 1 I , 12. 
G. tenuicariuata. 









14. ACl•lla micronema. 
15. Planorbis con,olutus . 
16, 17. P. milita ris. 








20. Hyd robia utnbeusi:, . 
21. H. r ecta. 
22. Acroloxns actino11horus. 
2:~. C_vpris saupe t1•11:,i,-. 
24. Micropyrgu,; rniuutulus. 






PHY SA PLEROl\IATIS ••••••••••••••••••••••••••••• ___ •••• __ •••••••••••••••••• • 24 
Fig. 1. Lateral view of the type spocimon; _ natural size. 
Figs. 2 and 3. Opposite views of another example from the Wasatch beds 
near Wales, Utah; natural size. 
Figs. 4, 5, and 6. Lateral views of other examples from the same locality . 
. BULINUS ATAVUS •• ---- ••• --- ••• --- •••••••••• ·-·· -- -- . _. __ ••••• ---- •• ---· •• 25 
Figs. 7 and 8. Copies of Meek's figures of the type specimens from the Ju-
dith River strata; natural size. 
Figs. 9 and 10. Opposite views of an example from the Wasatch beds near 
Wales, Utah; apparently belonging to this species, although much smaller 
than the types. 
PHYSA KANABENSIS f ••••••.•••••••••••••••••..•..•.•. _ .•••.•.•. _ •• _ •••.. - . -. 24 
Fig. 11. Lateral view of a crushed and imperfect example from the Wales 
locality; natural size. 
Fig. 12. Another fragment from the same locality. 
Fig. 13. A restored outline of the whole shell. 
PHYSA BULLATULA •• ___ ••••••••••• _ •••• :. ••• _ •• _ ••• ___ ••••••• _ ••• _ • • • • • • • • • • • 25 
Figs, 14, 15, and 16. Lateral views (f three different examples from the Wales 
locality; natural size. 
Fig. 17. Lateral view of an exarr ple from the same locality, perhaps be-
longing to this species. 
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l, 2. 3. 4. 5, 6. Physa. pleromatis 
'1, B, 9, 10. Bulinus ata.vus. · 
11, 12, 13. Physa kanabe . 
14, 15, 16, 17. P. bullatula. ns1s. 









UNIO RECTO IDES ••• - - • - - • - - - =. ---.... -----. -. ----. --. ----.. ----.. -. -... --. -. 
Fig. 1. Right side view; natural size. 
UNIO MENDAX •••••• - - - ••••••.••••••• - ••••••• - ••••••••••••••••• - ••••• - •••••• 
Fig. 2. Left side view; natural size. 
Fig. 3. Right side view of a smaller example. 
Fig. 4. Interior view of a portion oCa right valve. 
SPH..2ERIUM FORl\10SUM ···-·· ·----· •••• ···-·· ···--· ···--· ··---· ·--- •••••• ----
Fig. 5. Copies of Meek's :figures of the type specimen from the Fort Union 
beds; natural size and enlarged. 
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1. Unio r ectoides. 
2, 3, 4. U . roendax. 





UNIO RJCCTOIDES? •••••• ____ ••••• •••••••• _ ••••••••• _ ••• __ ••••. _. _.. • • • • . . • • . • 21 
Figs. 1 and 2. Opposite views of a fr::.i,gment of a left valve. 
IIELIX .ADIPIS ...• _ •• _ ••• __ . _ ___ ..• __ ••. _ • __ •.•• ____ • _ • _ • -· _ •• _____ • • . . .. . . • • • • 27 
Figs.11 and 12. Lateral and apical views of one of the type specimens; 
enlarged. 
HELIX NACIMIENTENSIS ............................................. •· ·••••·· 
Figs. 3, 4, and 5. Upper, under, and fateml views of the largest and most 
perfect example in the collection; natural size. The test is uearly all 
ex foliated. 
Fig. G. Latera.l view of another example, a portion of the last volntion 
having been distorted b.y pressure. 
Fig. 'i. An apical portion, showing the angular charncter of tho peripbe_ry 
of the earlier volutions. 
PUP A LEID YI f ... - . - . - - . - - .•.• - .... - - . - . - •... - - - - ..... -.. ·. - - - ....•..• - ...... -
Figs. 8 and 9. Opposite views of a broken example, but the best one in the 
collection ; enlarged. 
2G 
27 
Fig.10. Another example, crushed and imperfect. 
All the specimens :figured ou this plate were collected by P.rofessor Cope from hiR 
Pnerco Group, near the town ofNacimiento, N. Mex. 
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1 • 2· Uni? rectoicles 7 





F''LLE l .-1 • ) \ L 7 
-----------
4 
8, 9, 10. Pu~a leidyi i 
11, 12. Ilehx adipis. 
6 
IN DEX. 
.................. ~ ,a ... lcclla microuema .••••...... .. • -• -· - · · - - • • · · · · · · · · · · · · · · · · ••......... . 
~:;~~~:s. ~~~~~~~~o_r_n_s_:: · .. _: ~ ~ ._ ~: ·• ~ : : •. ~ : : : : ~ : ~ ~ ~ ~ ·_ ·_ : : : ~ : : ~ ~ ~ : ·_ ~ ~ .•.... _ • _ •.. 
Balin us atavus .........•. - - • • • • - · · · · · · • · · · · · · · · · · · • · • · • · 
... ---. -.. -. -. -. Ceripbasiidre ••••••.••••.. -- - - - -• • • -· · · · - · · · · · · • • • • · · · · · · _ .....••..•... -
Cope, E. D., on the Puerco Group . - - - • · • • · · · · · - · • · • · · · 
Crustacea ........•.......... - - - • - • · • · · · - · · · · · · · • · · · · 
gt:::;~if ;) : ~ ~; ~ ~; ~;) i ~ ~ i) : : ~ ~ ~; ~ ~ ~ ! : ; : ~ ~ : : ; ~ ~): : : : : : : : : : : 
!:~~~:t!~!ksq~~t·e-~ : : : : : : : : : : : : ~ ~ : : : : : : : : ~: ~: : : : : : : : : : : : : ~ : : : : : : : : · · · • · 
Goniobasis filifera ............• - - • · · · · · • · · · · · · · • • · · · · · · · · · · · · · · · · · · .. 
Goniobasis nebrascensis .......• - - - - -• - · · · · · · · • · · · · · · · · · · · · • · · · · · 
Goniobasis tenera ....••....•• - - -• · · · · · · • · · · · · • · · · · · · · · · · · · · · · · · · · · · .•••.... . 
Goniobasis tenuicarinata ...•.•... - - - · · · · · · · · · · · · · · · · · · · · · · · • • • • • · - · 
Helicidro ....•.............. _ . . ... ...•• - - - • - · · · · · · · · · · · · · · · · · · · · · • · · 
::~~ : ~~~:i~~t~~s·i~:::: ~ ~::: ~:: ::: ~:: : ~:: ~: : : : : ~ ~:::: : : : : ~ ·_:::::::::::: ~::: 
::~~:;!c~~•--=~~t~d::-::::::: ::: : : :::: ::: : ::: : :::: :::::: :: ::::::::: :: ::: :: 
Rydrobrn utahons1s ............ - • - - - - • · · · · · · · · · · · · · • · · • 
Limnroa-f .•..........•..... . .... . . ... -· ··•··· ···•·· •.•·· ······ ··-··· ·· · 
Limnroa (Leptolimnroa) minusoula ... . - - • • · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · - · · 
Limnroi dm .................. . ..••. · ··• •·•• · -··· ···· ···••· ·•·· ···· ···· •••• .... 
t::1~!:;~~~e_s_-.-:_·_·_·_·_·_·_·_·_·_·_·:.·.·_· :~:~:: ~ ~ : ~: ~ :::::: :•::::: :::: :::::: :::: ::::::: 
~~;::pr~r1:~:~~~~~-1~.8• : : : : : : : : : : : : : : : : ~::: : : : : : : : : : : : : : : : : : : : : : : ~::::: : : : : : 
Physakanabensis ........•..... --- - •····· ·••• · · ·· •••• ···· •••• ···••· ••• • •··· · 
Physa plerom~tis ........... • - •. . . - - - - - · · - · · · · · · • • · • • • · · • • • • • · · • · · · · • · · · · · · · 
Physidoo . . ......•.....•. . .. . . • . - • - - • - · · · · · · · · · · · · • • • • ............•..•....... 
Planorbis convolutus ...••. ·_ ... . - . - - - • · · • · · · • • • • • · · · • · · · • · · · • • • · • · • · · · · · · · · · · 










































20 Species, descrip tion of .... .. ... - . - - - - - · · · · · · · · · · · · · · · · · · · · · _____ _ . ••. 11 
li&t and tabular view of t b o rnngo of. -· • • · · · · · • · · · · · • • · · · · · · · 21 
.:phrerium formosuro .. . .. .. . . - .. - • • - - - · · · · · · · · · · · · · · · · · · · · • · · · · · · · · ·: ~ ~ ~::: ~ 11 
Tahnhir view of 1ho rn,n gc of Apccios - - - - · • • · • · •• • · • • • • · • • · ·: :: : :~:::: _ 20 
·ni<> ru<'rnla.· . ..... . . .....• . . . - . - - • • · · · · · · · · · · · · · · · · · ::: ~: ____ . _____ .. __ .. .. 20 
1·niooul.c ...... ... - . . . ... · ·· · · ·· · · ·· ·· · · ·· ·· 53 
(441) 
54 INDEX. 
Unio recto ides ...•............ --- - . - - .. - • - - - - · · · - - - · - · · · · · · · · · · · · · • · · · · · · · · · · 
;~ :! ~=~~~~~i~i;i. ~ ~: : : ~ ~::: ~: : : : ~ ~ ~ ~ ~ ~ ~ ~: ~ --... -----. : ~ : : : : ~ ~ ~ ~ ~ ~ ~ ~ ~: ~ : : ~ ~ ~ ~ ~ 
Viviparus leidyi Vat♦• formosus ........... - .• - - • • • - - - · · · · • · · · · · · · · · · · · · · · 
Vi viparus nan us •.••............••..•• - - - - - - • - - - - - - · · - · · · · · · · · · · · · · · · · · · · · 
Viviparns panguitchensis .....•.. ---- ···-·· ----·· ·-·-·· ---- ···• ·· 
Viviparusraynoldsianus .••••...•.••• ···-·· •··-·· ------ ······ ····· 
Viviparus trochiformis ____ ...•.. ------ ---· -----· ---- ---- ---- •••••• 














(Bull •tin .•u. 35.) 
The publicationsof the United Stat s Gcologkal. 111 \I') :n1· i • u ·<1 iu a· ·01Janc ,\ith lb statut , 
~proved March 3, 1879, which declares that -
"The publications of the Geological ru•ycy ~ball com1i. loft hl' amrnal rnportof op ration , I: ol ~ical 
lld ee-0nomicmaps illustrating the resourcl'S nnd <·.lassifkation of the lamh1, am1 reports upon gen •r, I 
md ee-0nomic geology and paleontology. Tho nunuul r port of op1•r:.1tion of th Geological UIT<'Y 
!hall accompany the annual report of the Seer tnry of thl• Inklior. All p • iul m moirs 3.!ld r ports 
II said Survey shall be issued in uniform quarto s rics if d om a nccc ary b tho Dir tor, but oth I'· 
rise in ordinary octavos. Three thousanu copi of each shnll u pnbli h u for ·i utifio xchan~rs 
mdforsaleat the price c,f publication; audall litorury and cart-0grnpbic mate1 ials re ci v <l in exchaugo 
!hall be the property of the United States and form a part of tho library of the organization: .Anu t.lie 
loneyresulting from the sale of such publications shall bo co,er d h1to the Treasury of the Unit <l 
S1ates." 
On July 7, 1882, the following joint resolution, refouin~ to all G o,ernmeut IlUblications, was passecl 
iy Congress : 
"That whenever any document or roport shall be ordered printetl by Congress, there shall be printed, 
,, a~diti~n to the number in each case stated, the • usual number' (1,900) of copies for binding all(i 
~but10n among those entitled to receive them." 
Un~er these general laws it will be seen that none of the Survey publicatious aro furnished to it for 
,;ratintous distribution. The 3,000 copies of the .Annual Report arc distributeu through the docurue11 t 
roo_ms ~f Congress. The 1,900 copies of each of the publications are distributed to the ofilcers of tho 
legislative and executive depa1tments and to statetl tlopositories throughout the United States. 
~cept, therefore, in those cases where an extra number of any publication is specially suppliLd to 
this Office, the Survey has no copies of any of its publications for ~ratuitous distribution. 
ANNUAL REPORTS. 
Of t~e Annual ReportEl there have been already published: 
I. First Annual Report to the Hou. Carl Schurz, by Clarence King. 1879-'SO. 8°. 79 pp. 1 map.-.A 
]reliminary report describing plan of organization ancl publications . 
.. rr. Report of the Director of the United States Geological Sur,ey for 1880-'81, by J. \V. Powell. 
:S82. so. lv, 588 pp. 61 pl. 1 map. 
ill. Third Annual Report of the United States Geological Survey, 1881-'82, 1.iy J. W. Powell. 1883. 
80· xvili, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884. 
6-o. xxxii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J . \V. Powell. 1885. 
So. mvi, 469 pp. 58 pl. and maps. 
The Sixth Annual Report is in press. 
MONOGRAPHS. 
Of the Monographs, Nos.II,ill,IV, V, VI, VII, VIII, and IX are now published, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutt.on, Capt. U.S. A, 
1882. 49. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10 .12. 
III. Geology of the Comstock Lode and the Washoe· District, with atlas, by George F. Becker. 
1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $IL 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiY, 451 pp. 3 1il. l'rice $1.50. 
V. Copper-bearing Rocks of Lake Snperior, by Rolarnl D. Irving. 1883. 4.o. xYi, 464 pp. 15 J. 
lil pl. Price $1.85. • 
VT. Contributions to the Rnowletlge of the Older Uosozoic Flora of Virginia, by Wm. U. Fontaine. 
¾ . 40. :xi, 144 pp. 54 1. 54 pl. Price $1.05. 
1 \l'II. Silver-Lead Deposits of Eureka, Nevada, by Joseph S. Cmtis. 1884. 4°. :xiii, 200 pp. 16 pl. 
~ce $1.20-
'\rrrr. paleontology of the E1ircka District, by Charles D. '.\Talcott. 1884. 4°. x iii , '.!!JS pp. 24 1. 
24 l>l. price $1.10. 
4;:. J3rachiopod:1 and Lamcllibmnchiata. of tho Raritan Clays :tnd Grccnsan<l 1.farls of ~ew Jersey, 
ht ltobcrl P. Whitfiel<l. ) 885. 4°. xx, 338 pp. :)5 tJL l'rice, $1.15. 
ADVERTISEMENT. 
The following•are in press, viz: 
X. Dinocerata. A Monograph of an Extinct Order of Gigantic .Malillllals, by Othniel Charles Ma:rsh. 
1885'. 4°. x,iii, 237 pp. 56 pl. 
XI. Geological History of Lako Lahontan, a Quatemary Lake of Nortl.twestern Nc,ada, by Tsrael 
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. 
XII. Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. 1886. 4°. X.:X:ix, 
770 pp. 45 pl. and 35 atlas sheets. 
The following are in 1>reparation, viz: 
I. T.:he Precious Metals, by Clarence King. 
- Geology of the Eureka Mining District, Nevada, wiLh atlas, by Arnold Hague. 
- Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, by Prof. 0. C. Marsh. 
- Stegosauria, by Prof. O. C. Marsh. 
- Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 
- The Penokee-Gogebic Iron-Bearing Series of North ·wisconsin and Michigan, by Roland D. Irving. 
- Description of New Fossil Plants from tho Dakota Group, by Leo Lesquereux. 
- Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
- Report on the Denver Coal Ilasin, by Samuel F. Emmons. 
- Report on Ten.Mile Minlng District, Colorado, by S-amuel F. Emmons. 
- Report on Silver Cliff Mining District, by Samuel F. Emmons. 
- Flora of the Dakota Group, by J. S. Newberry. 
IlULLETINS. 
The Bulletins of the Survey will contain such papers relating to the general purpose of it.s work as 
do not properly come underthe heads of .Annual Reports or Monographs. 
Each of these Bulletins contains but one paper and is complete in itself. They are, however, mnn-
bered in a continuous series, and may thus be united into volumes of convenient size. To facilitate 
this, each Bulletin has two paginations, one proper to itself and another which belongs to it as part of 
the volume. · 
Of this series of Bulletins Nos. 1 to 3G are alreauy published, ,iz: 
1. On Hypersthene-Anc1esito and on Triclinie Pyroxene in Augitic Rocks, by Whitman Cross, with 
a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. s0. 42 pp. 2 pl. Price 10 cents. 
2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., by 
Albert Williams, jr. 1883. 8°. 8 pp. Price 5 ~ents. 
3. On tl..ieFossilFaunasofthe Upper Devonian, along the meridian of76o 30', from Tompkins County, 
· New York, to Bradford County, Pennsylvania, byHenryS. Williams. 1884. 8°. 36 pp. Price 5 cents. 
4. On .Mesozoic Foasils, by Charles A. ·white. 1884. 8°. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Ilenry Gannett. 1884. 8°. 325 PP· 
Price 20 cents. 
6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. s0. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A cataloguo of geological maps of America (North and South), 
1752-1881, by Jules Marcou and John Belknap Marcou. 1884. so. 184 pp. Price 10 cents. 
8. On Secondary Enlargements of Mineral Fragments in Cel'tain Rocks, by R. D. Irving and C. R. 
Van Hise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 
9 . .A. Report of work done in the Washington Laboratory during- the fi13cal year 1883-'84. F. W. 
Clarke, chief chemist; T. M:Chatard, assistant. 1884. so. 40 pp. Price 5 cents. 
10. On the Cambria,n Faunas of North America. PrelimiJJary studies, by Charles D. Walcott. 1884-
80. 74 pp. 10 pl. Prico 5 cents. 
11. On tl..ie Qua.ternary and Recent Mollusc,t of the Great Basin; with Descriptions of New Forms, ~y 
R. Ellsworth Call; introduced by a sketch of the Quaternary Lakos of the Great Basin, by G. K. Gil• 
bert. 1884. 8°. 66 pp. 6 pl . . Price G cents. 
12 . .A. Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8". 
34 pp. 3 pl. Price 5 cents. 
13. Boundaries of the United States and of tl..ie seYoral States and '.L'erritorics, by Henry Gannett, 
188G. 8°. 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of tho Iron-Carbtll'cts, by Carl .Barus and Vincenl 
Strouhal. 188j. 8°. 238 pp. Prico 15 cents. 
15. On tho Mesozoic and Ccno\oic Paleontology of California, by Charles .A. White. 1885. S'. 
33 1,p. Price 5 cents. 
16. On tho higher Devonian Faunas of Ontario County, New York, by J.M. Clarke. 1885- ~, 
80 pp. 3 pl. Price 5 cents. 
17. On tho Development of C:-sst.allization in tho Igneous Rocks of Washoe, Nc,ada, b.r .Arnold 
llnb'llO and J. 1'. Icl<lingf!. JSSj, 8°. 44 pp. Price 5 cents. . 
18. On j fa1ino Eocene, J•'reHh-wator Minccno, anu otl..ier Fo. sil Mollusca of Westorn North .A.nionca. 
by Chal'l<'s A. ·white. 1885. so. :w pp. 3 pl. Price 5 conts. 
JO ... -0 ~ on the Stra.ligrn.pb,r of Califoruiu., by Georgt F. Becker. lSSG. 8°. 28 PI' · Price 5 ceJI& 
fil 
ADVERT! E .. 1E T. 
~. Contributions to the Mineralogy of th Rocky Mount~in!I, by Wliitnrnu Cross nml W. F. Hillo-
br:md 1885. go, 114 pp. 1 pl. Price 10 cents. 
1 
r . 
21. TheLignitesof the Groat Sioux Reservation, by llailoy ,vmis. 188:i. 8°. 1G PP· 5 P · nee 
5cents. . . l 
~. On New Cretaceous Fossils from California, by Charles .A. \\ h1to. 18 ;;. so. 25 PP· (i P · 
Price 5oents. ~ . 
23. Observations on the Junction between tho Enstom Sam1stone and tho Keweenaw Serie~ on 
Keweenaw Point, Lake Superior, by R. D. Irving nml T. C. Clin.mborlin. 1 85. 8°. 124 PP· 11 pl. 
Price 15 cents. . 
24. List of Marine Mollusca, comprising tho Quaternary fossils nncl recent forms from .Aru nc. n 
localities between Cape Hatteras nml Capo ll.oq1111, inclutli11~ tho Ilcrnmd, , by W. II. D:ill. 1885- 80· 
l.16 pp. Pdce 25 cents. 
25. The Present Technical Condition of tlie Steel I)l(1ustry uf t\H' TT nit d tates, by Phin as Barnes. 
1885. 8°. 85 pp. Price 10 cents. 
26. Copper Smelting, by Honry M. Ho,vo. 1885. 8°. 107 pp. Pl'ico 10 cents. 
'll. Report of work done in the division of Chemistry nll(l Physics, mo.inly during the fiscal ye:.r 
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STATISTICAL P Al'ERS . 
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i Mineral Resources of the United States, 1883 and 1884, l>y Albert Williams, jr. 1885, 8°. xiv, 1016 
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LETTER OF TRANSMITTAL. 
DEP .ARTMENT OF THE INTERIOR, 
UNITED 8'l'A.TES GEOLOGICAL SURVEY, 
DIVISION OF CHEMISTRY .AND PHYSICS, 
_ Washington, D. O., January 18, 1886._ 
Sm: We have tlie honor to transmit, through Prof. F. W. Clarke; chief 
chemist, the accompanying paper on the physical properties of tlie iron-
carburets for publication as a bulletin of the Survey. The paper is of-
fered in. its present fragmentary form, owing to the circumstance that 
certain changes in the location of the laboratory oblige us temporarily 
to suspen<l the work. The results here presented, however, advance 
the inquiry to well defined stages of re~carch, and we therefore have no 
hesitation about submitting them. 
Onr earlier work on the iron-carburets will be found in Bulletin 14 
an<l hi Bulletin 27, pp. 30 to 61. 
C. BARUS. 
V. STL{OUHAL. 
Hon. J. w. POWELL, 
Direetor United States Geological Survey. 
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PHYSICAL PROPERTIE ~ 01~. 'I Hb IR01 -CARBURETS. 
BY CARL BARUS A D VI OE T STROUIIAL. 
A. THE INTERNAL STRUCTURE OF TEMPERED STEEL. 
INTRODUCTION. 
Theories of magnetization usually premise homogeneity of the mate-
rial carrying the magnetic quality. If the material is homogeneous, 
such theories still encounter formidable mathematical difficulties, and 
even in the favorable case of soft steel they fail to predict results which 
are in satisfactory accordance with experiments.1 In proportion as the 
rods become hard and the internal structure becomes more and more 
complex, the phenomena are withdrawn from the scope of theory alto-
gether, and must be grouped and described by a series of empiric laws. 
It is clear, however, that a decided step in adv·ance of mere empiricism 
will have been made when the conditions of internal structure shall be 
fully understood. The present paper is a first endeavor in this direction. 
We may add that what is here said respecting magnetism will apply to 
otller properties of steel. 
In our magnetic work2 we operated upon very thin steel rods, infer-
ring that where diameter decreases indefinitely structure will more and 
more completely vanish; but to what degree this assumption is war-
ranted for diameters within the reach of experimental methods cannot 
be foreseen. In other words, we do not know to what extent our re-
sults fail to express the permanent magnetization of steel, passing 
homogeneously from hard to soft. Even if it be granted that the error 
due to surface decarburation is nil, we have still to take into account 
the structural _effects originalJy observed by Fromme.3 W c have di-
gested his results in the accompanying table, and from these computed 
a few supplementary data to give the table fullness. The latter are in-
closed in parentheses. In the table, M, p, L1 denote the mass in grammes, 
the radius in centimeters, and. the density, respectively, of the given 
glass-hard rod; after the removal of the number of shells indicated in 
the first column. The mean radius, thickness, mass, and density of 
1 Cf. U. S. Geol. Surv. Bnll. 14, pp. 11:3, 114. 
~ Bull. 14, chaps. V, VI. 
3 C. Fromme: Wied. Ann., VUI, p. 3G5, 1879. 
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tlle consecutive shells are given under R, !:), µ, o. The ~econd column 
contains the number of days during which the rod was left in dilute 
acid to effect the removal of sheils. Fromme determined L1 once per 
day. We may remark that the rod used was twice glass-hardened, 
and that after losing the three shells mentioned, it showed internal 
fissures. This led Fromme to abandon the experiment. 
Table showing Fromm e's 1·esults for structure. 
Shell. Days. M p ~ R ,} µ. 
s 
-----
0 .•••••••••.••.••••..••••.. ••••. 0 30. 450 (0. 3537) 7. 7487 -------- . ----. .. -·- -----. .............. . 
1 ....... .......... ·· ···· ·· ··· ... 9 29. 746 (0. 3504) 7. 7130 (0. 3520) (0. 0033) o. 704 10. 5 
2 .••••..•••••..•••••.....•...••• 16 28. 043 7. 7412 (0. 3450) (0. 0108) 1. 703 
7. 3 
(0. 339G) 
3 •••••••••••••••..••• . •••••••••. , 20 27. 029 (0. 3340) 7. 7120 (0. 3368) (0. 0056) 1.014 
(8. 6) 
It is to us a matter of no little surprise that after having obtained 
these startling results, the significance of which Fromme fully appreci-
ated, lie should have given the work no further consideration. The sur-
face densities here encountered are almost incredibly large, especially so 
because the rod, having been twice quenched, must have been super-
ficially decarburized, and because it was in tern ally cracked. And yet, 
in spite of the dangerously small values of 5), the values for L1 are so 
pronounced that the data for om ust in.their g·eneral variations be correct. 
Hence these abnormal values, and the probable occurrence of changes of 
strain implied, together with intimations of singular periodic relations, 
give this short ser1es of results unusual physical importance. 
Guiued by these data, many of our experiments were made chiefly 
with reference to surface effects. N evertbeless, our main object in this 
paper is to follow the phenomenon of structure throughout compara-
tively great ranges of depth. Bence our shells are necessarily1 chosen 
thicker (0.01cm to 0.1cm), and for this reason, possibly, we dfrl not detect 
the enormous condensation of Fromme!s filmy shells, if, indeed, in the 
steel examined such densities existed. Aside from this difference in 
degree, in the method chosen, and in the material employed our results 
corroborate the data of Fromme in a general way. We also encounter 
harmonic variations of o which appear to be actual occurrences, inas-
much as they cannot satisfactorily be referred to periodic distributions 
of errors. 
APPARATUS. 
Stcel.-Our steel, as we subsequent}~ found, was not the best for the 
purpo, e, befog a coarse.grained metal, q'1ite brittle in the glas .bar 1 
1:1tatc. 'Ibis steel readily cracks on quenching, easily loses carbon at 
th ·urface, and is probably incapable of carrying more than mall 
valn s of stress. If the temp rature before quenching be too high th 
1 His jmpossiblo to reta.111 p rfoct cylinuricity when many sh 
solution. Seep. 49. 
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superficial layers rarely show lu rune ·s at a11. .All ibis taken togetlrnr 
may explain why the values of <.l n -ity in hand ·vary within an interval 
so much smaller than was the ca ·e in FromnH:'s in rn tigatiou. Somo 
of our experiments, bowe·rnr, wer made with other kinds of steel. A 
priori there is no reason why re ult~ for the structure of tlrn material 
in question are not just as important a re ults for tlle stmcturo of any 
other kind of steel. The objectionable qualities enumerated barn iudeccl 
led to some special results. We show iu the sequel ibat the cllcmical 
constitution of steel is one of the essential factors tletermiuing strnctnre; 
that iu a full investigatiou it will be necessary to extend tlle e:xperiwc11 ts 
to as many kinds of steel as possible. 
In all cases, however, the mechanical hardness exhibited by our steel 
in the tempered state was exceptionally great. Moreover, tho density 
interval hard-soft is here as large as we hav-e found it iu any other kind 
of steel. It appears, indeed, that ibe magnitude of this iuterntl is 
modified chieflx by carburation, and that for moderate thicknesses it 
is almost independent of dimensions-a deduction at yariau"ce with 
earlier results of Fromme and our own. Cylindrical figures were oper-
ated on in all cases. 
Oruciblc.-To impart to the thick steel cylirnlers the desirable uui-
formity of red heat before quenching, they 
were heated in a cylindrical iron box (height 
8.5cm, diameter 4cm, inside measure) made 
of gas-pipe supplies. The box was heavily 
coated with oxide internally, and the cylinder 
was placed therein on a layer of as bestus, as 
shown in Fig. l. · 
This apparatus is introduced into a large 1 
Fletcher crucible furnace and heated to the de- 2 
gree of redness necessary. The temperature 
of the cylinder must be specially observed from 
time to time by momentary removals of the 
lid. The iron box is further useful, inasmuch 
as oxidation, carburation, and decarburation 
are very nearly avoided. The surfaces of the 
cylin<lers remain smooth, showing the colored Fw. 1. Cruciblefol'heatingRtecl. 
films only. 
Apparatus for quenching.-This apparatus is also made of gas-pipe 
supplies, as shown in Fig. 2. When in use it is placed vertica11y in 
the neighborhood of a hydrant, and a swift current of water is passed 
through it, as indicated by the arrows. · Dimensions of main reservoir: 
Length, 25cm; diameter, 5cm, inside measure. Diameter of supply-tube, 
2,5cm. Near the lower end of the apparatus is a false bottom of wire 
gauze, a a, held in place by an iron ring. The object of this is to 
hold the steel suspended in the current. The cylinder, having been 
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heated to tho temperature <lesired, is carried to the quencller in the 
(closed) crucible; after this the lid is quickly taken off, and the cylinder 
is dropped into the water. The advantages and dis. 
advantages of quenching in a current of water have so 
frequently been discussed that comment is unneces.sary 
here. It is certainly the best method for the JJresent' 
purposes. 
Cell for solution.-For the purpose of removing con-
secutive shells from the cylinder, we tried at first to 
use a carbon-pointed master-tool on the lathe. But 
steel is too tenacious and diamond too brittle; so tb at 
even in the case of stones ground with sharp cutting 
1 edges the work is rather scraped or ground than cut. 
4 The progress made is therefore exceedingly slow, and 
the utmost care must be taken to avoid appreciable 
·rise of temperature from friction. This tedious process 
was therefore rejected, and a method in which the shells 
are removed by galvanic solution was used in its stead. 
After solution the cylin<lers were trued and smoothed 
as far as necessary by the diamond point, scraping un-
t der a current of water. 
I In order to secure uniformity of solution over the 
whole cylindrical surface of the steel, we devised the 
special cell figured in the diagram, Fig. 3 (page 15). 
Fm. 2· Apparatus for This cousists essentially of a steel clamp, o a b d e c, 
quenching steel. 
the ends of which are sharpened conically, and fit into 
conical depressions, cc, in the end surfaces of the cylinder operated 
upon. A drum, A BI) E, the cylindrical surface of whicll is of sheet 
copper, with the ends A B and D E closed by plates of suitably per-
forated vulcanite, surrouuds the cylinder symmetrically on all sides. 
The steel arm a o passes through the center of the upper plate. Tho 
lower J)late has a much larger perforation, enal>ling·the drum to slide 
easily over the cylinder and .fitted to a wooden collar, FF. 
Together with the side of clamp e d, the collar FF serves as a kind 
of foot for the apparatus. When in use the cell is plunged into a large 
vessel containing the electrolyte, and is submerged at least above the up-
per face AB of tho drum. To prevent corrosion, the clamp o ab de o 
is completely enveloped in an insulating coat of rubber hose. For tllc 
same purpose the ends of the cylinder are painted with asphaltum . 
.IIaving pmng it into position, the insulation of the clamp is made con-
tinuous with the insulation on the ends of the cylinder by covering all 
expo. eel parts with a thick ]ayer of paraffine. 
The current enters tbc clamp at +a, pa iug into tlle cylinder from 
both cud ·; thence aero. s tho c]ectrolytc to the drum; finally by the 
gntta-perclrn-cov red wire B- back to the batten". It i well to coYcr 
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the inner surface of the drum, : bove h 
planes of the ends of tho cylind ,r, with 
axes of the tubes of flow· ar radial 
upper and l> low the lower 
a I halturn. In tlli ca c tlic 
lines. In other cases tlley ar 
crowded either near the end or 11 ar 
the equatorial parts of tho cylind r, 
and solution takes place at o-rcatcr 
rates in those parts. 
Two to ten Grove cells, Hat pat-
tern, rulcanite cups, connecte<l either 
in series or in multiple arc, supplied 
the amount of current necessary. 
These cells are byno means constant, 
and are practically exhausted for tho 
present purposes in two hours. The 
quantity of steel dissolved witllout 
current being slight, wo were able to 
supervise and regulate tlle rate of 
solution satisfactorily by inserting a 
Siemens' amperimeter. Tho whole 
process was therefore well under con-
trol. Usually the strength of cur-
ren t was so chosen as to dissolve an 
arerage total amount of 10 g. to 15 
g. <luring each experiment. 
The following little table, selected 
at random from many <lata, contains 
the statistics of solution and exhib. 
its the mean efficiency of the battery 





Fm. 3. Holder for galvanic solution. 
Time. Current. 
--- ------
h. 'l?i, h. m. 
10 10 3. 0 10 55 10. 5 
15 8. 7 co 9. 3 
20 11. 0 11 5 8. 4 
25 12. 2 10 I 7. 4 
30 i2.8 15 6. 0 
35 13. 0 25 5. 8 
40 12. 8 45 3. 6 
45 12. 2 12 15 0. 5 





During the solution of superficial shells the cylinders frequently 
showed symmetrical furrows and ridges, probably in<licatirn of certain 
varieties of structure of the soft bars. Usually, bowever, tho surfaces 
were merely rough and pitted, heavily coated with carbon, somewhat 
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irregular; so that truing with the diamond is indispensable. In sorne 
rare instances glossy surfaces appeared, or again rough surfaces pn.r-
tially mottled with glossy patches. All this is probably connected 
with the passivity of iron. Solution is best effected in dilute hydro. 
chloric acid. In tho case of dilute sulphuric acid the occurrence of 
passive iron and reduced rates of solution are a frequent annoyance. 
Tho ferric chlorides attack copper, and are therefore objectionable. · So-
lution in oxalates, though distinctly perceptible, is practically nil.1 
Tllo central depressions or holes in the end surfaces of the steel cyI-
imlers have thus far been described only as subserving the purposes of 
holding the cylinders in tlle dissolving cells, 
8 and ( during truing) in the lathe. But they 
f are further useful, hi the density work in ques-
tion, as a, means for attaching tho suspension. 
I This is clearly shown in the annexed cut, Fig. 
~ 4. This method of fastening is again employed 
in the resistance measurements. 
EXPERilHENTAL RESULTS. 
Frn. 4.-Mctbollofsuspension. Results for density.-Tho results of our meas-
urements arc ginn in the following tables, aml 
it has l>eeu onr endeavor so to arrange them that data referring to cores 
and shells of like order may be easily compared. 
Table 1 contains the constants of the cylirnlcrs in tho soft state, in 
which tLey reached our bands. JYI is the weight in grammes for tbo 
length l arnl diameter 'Jp of cylinder. Tho latter d.imension was deter-
minable with some accuracy by means of a small spherometer. Using 
this datum and the known density we calculated l . In case of cylinders 
as thick as these, it is not easy to obtain accLuate mean values for l by 
mere measurement. But the difference between observed and calcu-
lated Zin the tables is almost wholly due to the differences in the fac-
tors of the two centimeter scales (sphcrometer screw and rule) employed . 
. L1t is tllc observed density at t0 • Prom this "·c computed .d, the density 
at 0°, and v, the corresponding value for specific volume (rnlumc of tl.tc 
unit of mass), by accepting 0.000036 as the coefficient of cubical e.x-
pari.sion of steel. 
TABLE 1.-Datafor the commercial (soft) state. 
No. M l ol>scrvcd. l calculatcll. '.lp observed. t At a 1M,~•1 V 
-- =-=-= g. cin. cm. cm. oo. 1 . .. . 332. 4745 5. 96 6. 013 3. 0006 24. 6 7. 8268 2 .. . . 33:l. 4955 5,98 6. 024 2. 9953 24. 0 7. 8270 7. 8337 7. 8337 I o. 1 :?,wl 
\) .. .. . 149. 8985 5. 97 6. 006 2. 0139 24-. 0 7. 8296 7. 8363 7. 8363 0. 12i'GJ' 
4 --- 1 I<!l. 9675 5. 97 G. 024 '.l.0118 23. 8 7. 8304 7. 8371 7. 8371 
O. J'.!i" 
5 .. .. 37. 6219 6. 00 6. 026 1. 0085 24. 0 7. 8270 7. 8338 J 7. 8350 0.1'.!,c;::. 5.. .. 37.6217 · ·· · ··------- · ----- ------- - ·--- --·-- ----· 26. 8 7. 8'.?87 7. 8362 
' 
J We aro indebted to Prof. Ii' . .A. Gooch for advice iu much of this work. 
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Tables 2 and 3 contain the first series of results. As above, M, P, 
tL1 /7 are the symbols of mass, radius, temperature, density, specific 
I ' , 1 rnlume, respectively, of the cores. Again, R, ..9-, µ, o are, respective y. 
the symbols of mean radius, thickness, mass, densit.y of the elementary 
shells. If we denote the number of the shell by a subscript, and if the 
first. core be the volume of cylinder left after removing the first shell, 




~ (L1n_1-L1n) . . . (observed) 
. n 
(calculated) 
This distinction between observed and calculated is not quite rigid, 
because both data involve L1, but the other quantities are different. 
Tables 4 and 5 contain the second series of results, and are constructed 
on the same plan as Tables 2 and 3. Little further explanation is there-
fore required. When observations of 6. were made on different days, 
the date of each is usually given. We may remark that in these and 
the preceding tables" diameter observed" is usually the mean of ten 
measurements made with a screw micrometer caliper. In the case of 
~ough surfaces, where frequent repetitions are essential, this instrument 
18 preferable to the spherometer. Except where otherwise stated, the 
Burface has been turned smooth by the diamond. 
To facilitate comparison Tables 2 and 3 are printed in parallel form 
(pp. 18-23), as are also Tables 4 and 5 (pp. 24-27). 
Bull. 35-2 
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TABLE 2.-Cylinders in the glaas-hard state. Constants of the consecmtit,r. cores. First ,eriea 
of measurements. 
[l = 6 cm. approximately.j 
Mo, po, L1o, {70° 
No. l{ p ob-served. 
pcaJcn-
lated. t At A Mean A V 
--------------
1 832.1020 1. 5041 1.5054 21.3 7. 7680 7. 7788 7. 7744 0.128827 
.......... .......... ........... ,24,.2 7. 7684 7. 7750 . ............ . ............ 
a 149. 7442 1. 0112 1. 0123 22. 7 7. 7457 7. 7521 7. 7520 0.128996 
............ ............. ............... 24. 0 7. 7454 7. 7520 ...... ... ········· 1 
6 S7. 5918 0.5081 ............ 22.4 7. 7381 7. 7442 7. 7442 o. 1291211 
.......... --········ ........... 18. 2 7. 739~ 7.7443 ··········,·········· 
1 821. 9377 1. 4832 1. ,823 1. 7734 I o. 128tU4 
I 
23. 1 7. 7671 7. 7735 
26.!l 7. 7663 ,:. 7734 ··········I·········· 
8 1'6. 4123 o. 9996 1. 0012 23. 9 7. 7419 7. 74,85 1. 1485 I o. 120057 
25.2 7. 7417 7. 7486 ··········r·········: 
1 807. 0620 1.4500 1. 4477 21. 9 7. 7667 7. 7728 7. 7727 0.128655 
.......... ........... ............... 21. 9 7. 7605 7. 7720 . ............ .. ............ 
8 132.11052 0.9582 0. 9528 21. 8 7. 7411 7. 7472 7. 7469 0.129084. 
............ ............ ............... 21. 8 7. 7403 7. 7464 ·--------- .. ............ 
1 292. 3284 1.4164 1. 4124 21.6 7. 7685 7. 7746 7. 7742 0.128631 
........... ............ ------ -.. -- 22. 9 7. 7673 7. 7737 -- -------- ............ 
8 119.1982 o. 9051 o. 9036 22.0 7. 7384 7. 7445 7. 7453 0.129111 
.......... .. ·····--··· ----·-··-- 22.6 7. 7396 7. 7460 ·-·-····-· ··----·-·· 
1 280.3889 1. 3895 1. 8833 2Ll 7. 7677 7. 7735 7. 7734 0.128644 
·····----· ····-··--- .. .. ....... 22. 2 7. 7671 7. 7732 ··-·····-· --···----· 
I 101.11,s 0.8636 0.8566 21.4 7. 7417 7. 7476 7. 7479 0.129067 
.............. ...... ..... ............. 22. 0 7. 7421 7. 7482 ........... ·----. --·· 
1 289. 8968 .... ·····. 1. 8571 22. 0 7. 7G87 7. 7748 7. 7750 0.128017 
·••••• ..•. ·•••••·••· ·•••·•·•·· 22.1 . 
I 91. 0238 • • • • . • • • • • 0. 789' 21. 8 








7. 1,86 0.129056 
Remarks, 
~ 
UBU8 .&llD IITBOUIL\L, l EXPERIMENTAL DATA. 
TABLB 3.-0ylindersin the glass-hard state. Constants of the consecutive elemenCary BMlla. 
First series of rneasurements. 
[Z = 6 cm. approximatelr-J 
Ro, rlo, µo, Oo, 
•: .~ .. ::•: .. ~~: .. ~:~~: , 1-.~-.!-~-.l-.•-~-1-.:-1-~-.~-f-. :-_i---R_e_m_"_l'_k_s. __ _ ......... ·········· .................... =1 .......... ·········· SLon<itndinRl ..... -:t· 
3 :::::::::: :::::::::: : ::: : ::::: :::::::::: :::::::::: :::::::::: :::::::::: l ~f~t~to;11m!~!r~an e 
I ... ••. .••. • •. •••• _. • .. • • • . • . . . . . . • . . • • . . . • . • . • . . . . . • • • • . • • . . . . • . . . . . . Longitudinally cracked. 
.......... ···---··-· -- -------·1·--· · ··--· -----····· ................... . 
I 
UD36 1. •939 o. 0209 o. 0231 10. rn,a 7. 809 7. 806 Shell ftlable; removed 
with hard-steel maater 
.... .. . ........• --.. . . -. -.•. - -- -........ - - -... - .. -- .. . . •••••. - • . . •.••. - .. - . tools. 
L ~ l. !)068 0. 0116 0.0111 3. 3319 7. 9lj 
Third shell. Ra, i>3, µa, oa, 
: I•--:: ...  ::: ... :: <::~ .::. ·<~:• <::• ,---------- .......... ·--··----· ---·--·--- .................... -- --~-----
Fifth shell. R,,, i>6, µ6, or,. 
Do. 
Shell not filable; dis-
solved otfgalvanically. 
Trued with diamond; 
shell very ha.rd. 
Same. Longitudinal and 
transverse cracks ap-
pear distinctly. 
Vertical and transverse 
cracks or crevices vis-
ible. 
Surface shows s o a I y 
fracture. 
Do. 
11 = = == ::::::\ ... '.·.~:'..\ .... ·:'.~.I ... a.~~. I ..'.'.:'.~'. :::::::::: .... 7: :~.I 
1 I:=::::::::\ .. a.•~'.\ ... '·.~.\ ·a·"'l'~ 1507 :::: ::::: :· '.:'.~., 
(461) 
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TABLE 2. -Cylinders i?I, the glass-hard sta,te. Constants of the conseciitivo cores. Firat Be-
i·ies of measurements-Continued. 
No. M p ob-served. 
- ------
1 246. 7909 1. 3026 
...... .. ..... ----------
8 71. 6405 o. 7068 
............... ............ 
1 225. 8279 1. 2556 
-----·--- · ................ 
3 56. 7829 o. 6312 
----·--··· .. --- .. ----
1 211. 2518 1. 2038 
---------· .......... ..... 
s 43. 2270 o. 5989 
............ ----------




1. 297~ 19. 5 
---------- 20.8 
0. 7002 19. 0 
................ 21. 4 
1. 2408 19. 5 
................ 20.8 
o. 6232 20.0 
········-· 2i.2 
1. 2001 18. 8 
---------- 1!1.8 
0.5438 19. 2 
.............. 22.0 
1.1664 21. 6 
22. () 
3 36. 1996 o. 5036 0. 4975 22. 0 
.•••••..•..•••••... . ·••·•• .... 22. 5 
At A Mean A. V 
--.--
7. 7732 7. 7785 7. 7784 0.128561 
7. 7724 7. 7782 : :: ~: ;~n ~: ;;'.~ 7. 7472 7. 7425 
7. 7481 7.7439 
7. 7756 7. 7812 7. 7813 0.128513 
7. 7756 7. 7814 ---------· ----------
7. 7507 7. 7563 7. 7566 0.128923 
7. 7517 7. 7568 ---------· ... -....... 
7. 7767 7. 7820 7. 7817 0.128507 
7. 7758 7. 7814 -------·-· . .............. 
7. 7478 7. 7531 7. 7538 0.1289111> 
7. 7475 7. 7536 ................ . ............. 
7. 7780 7. 784'1 7. 7841 0.128467 
7. 7780 7. 784] . -........ -- ~ ----------
7. 7532 7. 7593 7. 7595 0.128874 
7. 7536 7. 7598 ---------- ----------
M10, Pio, Arn, /710• 
1 183. 2372 
a 29. 7464 
1 166. 7330 





. --~-- ~~~-1---~~ ~~~~-
... ~~ ~~~~. / ... ~~ ~~~~. 
21. 8 7. 7805 7. 7866 7. 7869 0.128421 
21. 9 7. 7811 7. 7872 . . .. .. .. .. - .. -. ..... ....... 
21. 9 7. 7561 7. 7622 7. 7637 0.128804 
21. 5 7. 7591 7. 7652 -------··· ----------
"· I 7. 7834 7. 78931 7, 789, _':'28384.j 21. 2 7. 7837 7. 7895 ......... 
21. 51 7. 7558 7. 7618 j 7. 7621 -~~~~~~~-! 21. 0 7. 75p6 7. 7tl24 ......... 
M1<J, P1<J, A1,;, {Tli• 
--,-----.----~----,-----
_ '. '. ': 701' 1 ... L.•~· .. '-."~- .19:' ... '·'~' I .. ' 7019 .. '.:7010. ':'~-
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f.!llLB3.-CyZinder, in the glass-liard tatr. on ta11t of the consecutive l me11tary shells. 
First series of measu,· m itt - n inu d. 
- - -- ----,----------
/ Rob- R cslou- ~ ob· ~ CRlcu· 
No. served. lated. served. lat d. 
d ob- 6 c lou· 
e rved. lated 
Remarka. 
-+--+---1---- ---- ---- - -------1----------
1 l 3298 l3~2 0. 0545 
I 0. 7481 0. 7448 0. 0826 
1 1. 2791 ], 2691 0. ~70 
8 0.1690 o. 6617 0. 0756 
0. 0597 23.1059 
o. 0892 19. asaa 
0. 0566 20. 9630 
0. 0770 a.8576 





Eighth shell. Rs, ~s, µs, os, 
_ l I - l. l507 l, 1420 0. 0506 0. 0489 16. 3978 7. 753 7. 751 I 
------·--- ·-----·-- ··------· · ......................... ...... ... .... ... .. 
S l o. 4818 0. 4742 0. ~33 0. 0467 6 • • 532 7. 737 7. 740 I 
-. ------- ------ --- · ....................... . .. . ................... .. ....... . 
Elevent~ shell. Ru, ~11, µ11, ou. 
• 
1 




58' I ."·-~15 .':'~- .... ::70'.. 
' [- -~~:~~'.. --~.'.'.'.' .. '.'.0<10 . f0·0<58.J __ .. _5858_ .... ''.'~- .... '.'.7''.. 
(463) 
Curiously glossy l\f! er so-
lution 
1
. crack still per-
oeptib e. 
"R_ough. tSmooth. 
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TABLE 2.-Cylinde rs in the glass-hard state. Constanta of the comecrutive cores. Fird 
series of measurements-Continued. 





lated. t At A Mean A A 
Remarb. 
1 138. 8822 
138. 2607 · 
8 
1 127. 5671 
127. 5652 
8 
0.97 92 0. 9714 
0.33 ~'.f :::::: 
0.94 17 o. 9319 
--· ·--------· 
0.28 50 ........... 
'18. 7 7. 7837 7. 7890 7. 7911 0.128352 
21.9 · 7. 7872 7. 7933 ··--··--· ·········· 
Ml4, p14, ,&14, /Tu• 
21. 6 7. 7878 7. 7939 7. 7937 . ·:·:~:J 23. l 7. 7872 7. 7936 
........... ............. .. ........ . . 
Mu;, Pus, A 16, P,16• 
1 1117. 43931 o. 902 
117. 4414 ·····-. -~-1---~~ I:: I 7.-79141 7. 7927 ;: ;:: 1 ... :: 7~ ./ .~'.~'. , 
Mu;, Pl6, "116, /71~-
1 1106. 86491 o. 865 
106. 8635 ·---- ..• '..1 ••• '.:~~-1 :.:: I 7.-, 7.71M2 ;:::: 1 •• :::'"'..1.~'.~.1 
Mu, p17, "117, /Tl7• 
1 I 97. 9382 I o. 825 
'¥1. 9374 ····-- ·- '../ ••• '.·_'.'.~.1 :.: I ,.,on I 7. 7952 ;:::: 1 ...'.:'.'.'.:.1 ':'~'.~., 
Mis, p,s, A1s, /71s, 
. 
1 j 86.19361 o. 7767 
86.1981 ····-- ·- .. J ... '.::'.'.'..J :: I 7.7.n I 7. 7947 7. 80171 7. •••• 1 a 1281841, .. ~r'"' uai a e. 7. 8008 ·----· .............. 
Ml9, p19, A10, /THl• 
1 I 74. 8681 I o. 7238 
1,. 8673 ··-- ·- .. --J./::'.'.'..J :::: I ,.,ml 7. 7960 ;: :: 1 ... '.:'.~.1-•:"'.'.'.'../ Filoabl• 
Mio, Pio, "1io, /7~0• 
1 I 61. 4094 I o. 6515 
61.4078 ·•·••• .•• .1 ... '.:~·:.1 ::: I 7. 7973 1 7. 7031 
(464) 
7. 8026 I 7. P009 I o. 128190 I Fileable. 
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TABLE3,-Cylinders in the glass-hard state. Constants of the tonsecutive elementariJ shell,. 
First series of measurements-Continued. 
Fourteenth shell. RH, ,{J,H, µu, <h•• 
0. 9605 0. 9516 0. 0375 o. 0395 11. 0054 7. 762 7. 758 
3 0. 3102 . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . No. 3 broken. 
Fifteenth shell. R11s, ,{J,1r,, µ1r, 01r,, 
1 I o. D220 I o. 9129 I o. 0394 I _o. 0380 
1
10.1258 I 7. 746 I 7. 745 I 
........... ······. -.... --......... ... -. -- -. -.. ---.. -- .. - .. --... -- -.. -.. --- --.. . 
Sixteenth shell. R115, ,{J,16, µ15, ou,, 
1 I o. 8837 I o. 8733 I o. 0372 I 0. 0413 I 10. 5761 I 7. 775 I 7. 778 I 
........... ······ ........ ....... --· ... --. --....... --... -............. -_-...... -.. 
Seventeenth shell. Rl7, ,{J,1'7, µn, 017, 
1 I o. ~51 I o. 83'3 I o. 0399 I o. 0365 -
1 
8. 9264 I 7. 78~ I 7. 780 I 
.... -.. ······. -.......... - .. ... -... -........... -........... -......... --. 
Eighteenth shell. R1s, ,a.is, µ1s, 01s, 
1 I--· a .... _, ___ a-. 1 ... '.:'."''..1 ... '.:~'.'. .J .. '.~_'.445 I .... '.: aos .1 ... _'.:~'.'..1 Equatorial ••rts fllable. 
Nineteenth shell. R19; -tJ,19, µ19, d19. 
(4G5) 
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TABLE 4.-Cylinders in the glass-hard state. Constants of the consecutive cores. Second 
series of measurements. 
[1=6 cm. approximately.] 






t li.t ti. Mean ti. V Remarks. 
- --- ---
2 332. 2677 1. 5010 1. 5043 22. 2 7. 7841 7. 7902 7.7900 0.128370 
··----··· ·' ········ ·····----- 22. 2 7. 7837 7. 7898 ·--·------ ............ 
4 149. 8939 1. 0133 1. 0114 22. 0 7. 7678 7. 7739 7. 7740 0.128634 
--···----- ---··----- ---------- 17. 8 7. 7690 7. 7740 ·--------· ............... 
6 115. 3561 o. 8919 o. 8855 22.2 7. 7975 7. 8036 7. 8039 0.128141 
···------· .............. ---·---·-- 17. 9 7. 7992 7. 8042 .............. ............... 
2 321.1428 1. 4785 1.4785 23. 9 7. 7798 7. 7864 7. 7878 0.128406 Rough. Oct. 29, 
1885. 
320. 6413 ................. ............. 19.4 7. 7839 7. 7892 .............. ---------- Smooth. Oct. 31, 
1885. 
a4 144. 7017 0. 9970 0. 9938 23.8 7. 7661 7. 7727 7. 7733 0.128645 Oct. 29, 1885. 
144. 7017 ---------· ---------- 19. 8 7. 7682 7. 7738 ---------- ............ Oct. 31, 1885. 
a6 108.1191 o. 8653 0.8575 23. 6 7. 7934 7. 8000 7.8011 0.128187 Oct. 29, 1885. 
108.1191 ---------- ---------- 19. 8 7. 7966 7. 8022 ---------- ........... Oct. 31, 1685. 
aDifference in ti. possibly the result of shrinkage. 
2 310. 9500 1. 4558 1. 4549 20. 3 7. 7832 7. 7888 7. 7894 0.128380 Rough. 
310. 6535 ----·----- ........... 21. 2 7. 7842 7. 7900 ---------- ............... Smooth. 
4 136. 9445 0. 9688 0. 9663 19.4 7. 7681 7. 7734 7. 7743 0.128629 Rough. 
136. 7036 ······---- ······--·· 19. 6 7.7697 1 7. 7753 : : ;~; f '.!t;; Smooth. 6 100. 5121 0. 8314 0. 8260 "·' I 7. 7924 7. 7980 Rough. 100.1245 ······--·· .... ........ 20.1 7. 7959 7. 8015 Smooth. 
• 1297- 6610 1. 4260 ° __ 1_,,,,_, :: 7. 7849 :: ;::: , .. 7:7'1'. 0.128350 297. 6550 7. 7853 
( 126. 3200 0. 9327 o. 9284 22. 0 7. 7690 7. 7751 7. 7750 0.128617 
126. 8191 
• :: ;: ;~'.•J ::'.:~,;; ,._. I 
7. 7685 7. 7749 --------·· ---···---· 
6 89. 6386 21. 2 7. 7929 7. 7987 7. 7985 0.128230 
89. 6377 23. 7 7. 7920 7. 7984 ··-···--· ------·--· 
2 285. 8320 1. 4001 1. 3950 22.0 7. 7865 7. 7926 1 7. 7923 0.128332 
285. 8892 ··--- -- --- ............ 21.1 7. 7862 1. 1920 I ......... --------·· • 116. 3412 0. 9024 o. 8908 22.4 7. 7706 ;: ;;~; I. --~~ ~~~~ . 0.128579 116. 3427 ·---- ---- - ---------· 20.4 7. 7721 
6 79. 2544 0. 7486 0. 7842 20. 6 7. 7940 1. 7998 I 7. 7990 0.128222 
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TABLE 5.-Cylinders in the glass-hard late. Con tants of the consecutive elenumtary 
shell9. Second erics of measurements. 
No. R ob- R calcu- 6 ob-
served. lat.ed. sezved. 









2 ·••••••••· •••·•••••· •••••••••. •··••• ..• .. .. . ••••. ...••••.. • ..••..•. •. . 
4 ·········· ·········· ·········· . . .............. .. . . ·· ········ ··· ··· ... . 
2 1. ~ L 49U 0. 0225 0. 0258 11. 3757 7. 862 7. 847 
4 
6 
........ ·······-·· .............................. ......... --------·· ------ ·- -· 
1. 0051 L 0026 0. 0164 O. 0176 5. 1922 7. 795 7. 795 
............ ····------ ............ -·-···· -- · .... . . .... ...... .......... ----·---- · 
0. 8786 0. 8615 o. 0266 . o. 0280 7. 2370 
1. 4676 1. 4667 o. 0226 o. 0236 10. 0903 
o. 9829. 0. 9800 0. 0282 o. 0275 7. 8777 









·-- -··. -- . ······ ~- -- ...... -. -- ...... -- ...... -- .... ---........ -- . ...... ---· 
Third ehell. Ra, {fa, µa, oa, 
1, «10 1. 4393 o. 0298 o. 0312 13. 1437 
o. 9508 o. 9473 o. 0362 o. 0379 10. 5044 
o. 8096 0. 8035 0. 0437 0. 0451 10. 6801 
1. 4130 1. 4093 o. 0259 o. 0287 11. 8224. 
0. 9175 0. 9096 0. 0303 0. 0376 9. 9776 
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TABLE 4.-CylinderB in the glasB-hard state. Constants of the consecutive cores. Seco11d 
series of measurements - Continued. 
N~j M pob- I p oalou- t At A M=•I ~ Rema.rkB. served. la.ted. --
2 270. 2447 1. 3635 1. 3562 20. 6 7. 7899 7. 7957 7. 7953 0.128282 
270. 2450 ---.. -..... -. ·- --·- .. . 22.0 7. 7888 7. 7949 . ... - .. - . -. -· ······· 
' 105. 6781 o. 8580 0. 8489 20.1 7. 7749 7. 7805 7. 7803 0.128529 105. 6777 ............... ............. 21. 5 ,_,,141 I 
:: ;:~ 1 ··;:;;;.; ;;;;;;;·1 6 69.1823 o. 6888 o. 6862 21.6 7. 7898 
69.1831 ·-········ ........... 20.3 7. 7897 7. 7953 .•••....•. 
2 255. 7194 1. 3244 1. 3190 22. 7 7. 7910 7. 7974 7. 7973 0.128249 
255. 7207 ............. ---------· 20. 8 7. 7915 7. 7973 ---------· .. .......... 
4 96. 7900 o. 8205 o: 8122 21. 5 7. 7761 7. 7822 7. 7833 0.128480 
96. 7908 ---------- ---------- 20. 0 7. 7789 7. 7842 ---------- .............. 
6 60. 3109 0. 6492 o. 6406 20.4 7. 7913 7. 7969 7. 7963 0.128266 
60. 3108 ---------- ............ .. . 21. 7 7. 7891 7. 7958 .......... ..... ............ 
2 244. 6228 1. 2962 1. 2900 21. 8 7. 7928 7. 7989 7. 7990 0.128221 
244. 6207 ---------- ............... . 23. 2 7. 7928 7. 7992 ................ .............. 
' 88. 415ll 0. 'i851 0. 7762 21. 0 7. 7796 7. 7854 7. 7850 0.128452 88. 4148 ........... ........... 22.5 7. 7783 7. 7847 ..... ...... .............. 
6 52. 0503 0. 6062 0. 5953 21.4 7. 7863 7. 7921 7. 7928 0.128323 
52. 0498 ....... ... ... ............... 22. 6 7. 7872 7. 7936 ............ ...... ..... 
Ms, Pa, L1 a, /7 a, 
2 226. 9512 1. 2512 1. 2422 22. 5 7. 7958 7. 8022 7. 8022 0.128169 
220. 9500 ........... ··-···-·· · 24.4 7. 7956 7. 8022 ·--------· ....... .. ... 
4 76. 7934 o. 7269 0. 7241 21.7 7. 7830 7. 7891 7. 7883 0.128397 
76. 7932 
.. ':'.~· I .. ·-~aa 
23. 2 7. 7812 7. 7876 ........ ... ·········· 
6 42. 5669 22. 0 7. 7882 7. 7943 7. 7935 0.12Ml2 
42. 5664 23.4 7. 7862 7. 7926 ·········· ······· ··· 
2 205. 7577 1. 1946 1.1825 21.2 7. 8009 7. 8067 
... ~-. ~~~~- / . ~-. ~~~~~-205. 7554 ---·-· ·· ·· . ....... .. . . 23. 0 7. 7997 7. 8061 
4 03. 6639 0. 6635 0. 6584 10. 7 7. 7866 7. 7922 
. .. ~-. ~~~~. , -~~~~~~~. 63. 6630 -- -··-·-·· ·····----- 22. 5 7. 7846 7. 7909 
6 SL 0783 0. 472!) o. 4667 22. 6 7. 7814 7. 7877 ... ~- ~~~~· 1 · ~--~~~~~-31. 9793 ·-------- - . ............. 20. 0 7. 7816 7. 7872 
(468) 
BAllUS AND 8TROUJUL.] EXPERI 1E,. TAL DATA. 27 
TABLE 5.-Cylinders in the glaes-hard state. Constants of the c<nuecutive elementary 
shells. Second series of 11iPas11rements-Continued. 










Remarks. N I R ob- R calcu-
---------- --- - ---- ----1----1----------
1. 3817 1. 3756 o. 0366 o. 0388 15. 6908 7. 737 7. 741 
o. 8802 0. 8698 o. ~ 0. 0419 10. 6641 7. 748 
o. 7162 0. 7102 0. 0548 0. 0480 10. 0710 7. 820 7.828 
Sixth shell. Ra, ~a, µa, de, 
4 0. 8393 0. 8305 O. 0375 O. 0367 18. 88T5 7. 747 7. 74,7 
·········· ···-···--- ········-· ···-··---· ------- --- .. ... . .. . ......... .. ..... . 
o. G600 0. 6634 0. 0897 0. 0456 8. 8719 7. 795 7. 791 I 
····-· ..................... - .. - - - .• -- ............... - - - .... -- .. - - ... - ... - ........ - - · 1 
. . ................... -......... -....... -.. -. --..... -.. -........ -. -.... -.. ... .. . .. -........ . 
6 o. 6276 o. 6180 0. 0430 0. 0453 8. 2608 7.821 7. 819 
·········· ·······-·· ...................................... . .................... .... .... . 
Eighth shell. Rs, fa, µa, da, 
2 1. 2661 1. 2661 0. 0498 o. 04'78 17. 6711 7. 759 7.760 
4 0. 7561 o. 7501 o. 0582 0. 0521 11. 6217 7.7M 7. 763 
. . . -................... -.. . .......... --. -........ -· ·. -. --. . -..... -. -. 
6 
... '.·.~'.~ .... '.·.~'.. ___ •·.'.~~- -~-~''..\. '.:~'. ... .7:'~ ... '.:'~-_ __, ___ _,__ _ __._ _______ _ 
6 o. 51b8 o. 5025 o. 0758 o. 0716 10. 6879 7.81:l 7. 812 
(469) 
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Resistance data.-The present results for specific resistance are merely 
preliminary. They show, however, that even in the case of steel rods 
one centimeter in diameter and of but a few hundred microhrns total 
resistance, the electrical metho<l may be successfully applied to the 
study of structural phenomena and made to yield good re~ults. The 
reasons for this are at hand. The resistance effect due to changes of tem-
per is enormously large as compared with the density effect. The in-
terval hard-soft, when referred to the electrical scale, comprehends 300 
per cent. of the resistance of soft steel; whereas the density effect is 
certainly smaller than 3 per cent. of the density of soft steel. The ex-
treme sensitiveness of the resistance method is to some degree vitiated, 
however, by the fact that the electrical constants involve the dimensions 
of the rods; and very frequently right sections are not determinable 
within a few per cent. Moreover, in case of resistances as small as those 
mentioned, the electri.~a] measurement itself must be made with caution, . 
and the error will under all circumstances amount to 1 or 2 per cent. 
None of these difficulties enter into a determination of the density 
effect; but in spite of the objections specified, the- large range of elec-
trical variation renders the resistance method certainly as accurate as 
the density method. It will be invaluable for the investigation of slow 
changes of strain; such, for instance, as would result if the stress in 
the interior parts were essentially conditioned by the stress at the ex-
terior or superficial parts of a tempered steel rod (see Shrinkage, p. 41). 
In this case the necessary results depend on purely electrical data only. 
The two methods are admirably complementary, for the resistance 
method begins to .yield satisfactorily reliable data at the very stage of 
thickness of rod where the density method shows insufficient sensitive-
ness, and conversely. 
The resistance method has a further advantage: the errors due to 
hard.ends (seep. 31) may be wholly and conveniently eliminated. For 
if these comparatively thin rods be inserted in the dissolving cell al-
ready described, it is only necessary to slide a piece of rubber hose over 
the ends to confine the solution to as small a part of the equatorial re-
gions of the rod as may be desired. Moreover, thickness may be re-
duced with some uniformity throughout the chosen lengths, ,won as far 
as 0.1cm of diameter. In the annexed diagram (Fig. 5) one of these rods, 
a 
FIG. 5. Rod No. 11, after removal of seven shells. 
a. 1 
1 
from which seven successive layers ha~e been removed, is drawn full 
size. During solution the parts a a are covered with rubber, as has 
been stated. 
To hold the rod during the resi tance measurement, we devised the 
(470) 
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pecial fonn of clamp ·hown in th ' .urn•. •d diairram ( ◄ irr. G). 
~lock of oiled woou, tl.trou 00h th mi<.ldl of whi ·ii p, , 11 fron 
carrying a steel cro · ' • piec , ef b th 
ends of which are conical. ttn ·ll d 
to the ends of the b1ock A .tl ar tw 
thick strips of ha,nl rnhber or of 
met~I, ab ab, carryiug steel -' -r '' , 
·mn mn, the points, n n of wlli h are 
also conical. The rods ne fn are te 't d 
in pairs, and secured by aid of coni. 
cal depressions in their end surfaces, 
between the sharp ends of the scre~s 
mn nin and the ends of tlle cross-piece 
ef, as shown in the figure. At m, m 
copper terminals have been soldered 
('>---V/,l1"/,H 
into the heads of the steel screws, ~--- .// 
through which the line of metal mn 
ef nm is inserted with a standard into 
one branch of the bridge, the other 
being the calibrated wire. From four Qll 
brass clamps, r r r r, copper wires 
pass tensely around the respective 
steel rods ne fn, and thence ( alter-
nately) through galvanometer to slid• 
ing contact. The method of measure- o.i---v✓-.r/,H 
ment is that of Matthiessen-Hockin. 
The experimental daita obtained in 
the way described are given in Tables 
6 to 8. In Table 6 (Rod No. :3), col-
umn one contains the number of the 
core from which the resistance We, at 




radius pare derived. The column S0 Fm. 6. Holder for resistance measurements. 
gives the · corresponding specific re• 
sistance, at o0 , for the rod in a condition of either rough or smooth 
surface (trued with diamond), as specified. 
TABLE 6.-Resistance constants (No. 3). 
No. 
Core 11 .......•.................•.................. 
Core l2 .......•..........•....••..••..••...•.... i 
Core 13 .......•...............•.•.........•..... { 
















4. 9G 0. 4182 
4. OU 
4 . .J.5 o. 3771 
4. U2 
4. 52 o. 3354 
4. 65 0. 2850 
So 
35. 7 
34. 3 Rough. 
33. 8 Smooth. 
33. 5 Rough. 
34. 7 Smooth. 
35. 3 Smooth. 
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The values for S0 being certainly affected with an error of, say, 3 Per 
cent., must be regarded as coincident. They merely show that after the 
removal of 14 shells the variations of the hardness of No. 3 occur within 
narrow limits. Moreover, the absolute value of So is small, indicating 
either a poor quality of steel, or, more probably, that the strata of large 
resistance_ have been removed. 
Similar results, but more complete, are given in Table '7. The nomen-
clature is the same as that used above. S,, the specific resistance of 
consecutive cores at to, is reduced to the values for o0 , by aid of the 
temperature coefficient, a. R, -9-, s denote the mean radius, thickness, 
and specific resistance, re8pectively, of the shells. We have, therefore., 
when Q and A are symbols of section and conductivity, respectively, 
and qn= Qn-l - Qt£. 
TABLE 7.-Stubs's bright steel. R,;sistance constants of the consecutive cores and shell,, 
Rods tempered glass-hard. 
:No. Shen. Wt 
Microhm. 
11 0 ••••.• -.. 660 
l.--······ 820 






7 • - • · . · · . . l 15, 970 
12 0. - . · - . · · · 680 
1......... 820 
2. ••. . . .. . 1,020 
3.... . ... . 1,300 
4--······· 2,440 
5. ... . . ... 3,890 
6. .. .. . ... 5,400 
7 ......... { 1~:::~ 
8..... .... 22,640 




4......... 1, 310 
15......... 2,110 
••••.. .••. 8,200 
,.. ••. . • •. 8,830 
[ J = 6 cm. approximately.]. 
p St 
Om. oo. Microhm. 
o. 318 19 42. 7 
o. 294 20 
0. 262 22 




o. 069 24 
o. 070 22 
0. 318 19 
0. 296 20 
0. 262 22 




0. 089 24 
0. 088 22 
0. 059 28 
0. 318 19 
0. 304 21 
0. 288 20 
o. 267 18 
o. 228 20 
0.179 21 
0.149 20 






















































































Om. Om. Microhm, 
0. 306 o. 0240 
0. 278 o. 0318 
0. 244 o. 0349 
0. 197 0. 0599 
0. 149 o. 0367 
0. 117 o. 0273 
0. 086 o. 0338 
o. 087 o. 0331 
o. 307 o. 0215 
0. 279 o. 0337 
0. 249 o. 0270 
o. 208 o. 0538 
0. 165 o. 0337 
o. 131 o. 0336 
o. 102 o. 0253 
0. 101 o. 0266 
o. 073 o. 0291 
o. 311 o. 0140 
0. 296 o. 0158 
o. 278 o. 02°' 
o. 245 o. 0442 
o. 201 o. 0444 
0.164 1 0.0297 
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TABLE No. 7.-St·ubs's bright steel. Resistance constants of the consecutive cores and s11ells. 
Rods tempered glass-hard-Continued. 
Shell. 
I 
lY t s a So R ~ , No. p 
Jliorohm. Om. oo. Mich.ram. Michrom. Gm . Om. Michrom. 
14 0 ......... 680 0, 318 19 42.6 0.(,017 41. 4 ------·--· .............. ............. 
1. ........ 740 0. 304 21 43.4 17 42. 0 0.311 o. 0134 36 
2 ......... 1,090 0. 289 20 56.2 14 54. 8 (0. 297) (0. 0155) (a) 
3 ......... 960 0.269 18 44. 0 17 42. 7 0. 287 o. 0350 39 
4 ......... 1,360 0.227 20 44. 8 16 41. 9 o .. 248 o. 0422 45 
5 ......... 1,990 0.189 21 46.3 16 44. 9 o. 208 o. 0382 30 
6 ......... 2,930 0.158 20 48.4 15 47.0 0.173 o. 0309 40 
7 ..... ' .•. 5,710 0.106 23 44. 5 17 42. 9 0.132 o. 0517 51 
8 ......... 21,280 0.062 23 55.5 14 63. 9 o. 084 0. 0444 30 
a Bad contact. 
Some of the results (see Nos. 11 and 12, shell 7; No. 14, shell- 2) 
which it was found necessary to repeat show how exceedingly important 
it is to secure excellence of contact throughout the bridge adjustments. 
In repeating the experiments we should temper rods 20cm long, solder 
the ends to copper terminals, and remove only equatorial parts of shell. 
We may remark that the sectional error is here probably positive and 
relatively large for small values of section. This introduces a very se-
rious element of uncertainty into the results. sis only to be regarded 
as a check on S0 • 
. Table 8, finally, contains dirMt tests for shrinkage. p being the ra-
dms of the core, We denotes the resistance before and after the lapse of 
the number of hours given under h. If shrinkage is an actual occur-
rence, it must be a phenomenon of viscosity ; and 'hence the observed 
effect would vary gradually through infinite time. The differences of 
W,, in rrable 8, however, are mere errors of observation. 
TABLE 8.-Resistance tests for shrinkage. 




One shell o:ff. 
Two shells oft'. 
True and apparent structure.-In Bulletin 14 we defined structure (p. 
113, note) as the law of variation of density encountered on a passage 
along any radius of the rod, from axis to circumference. But a mere 
glance at too above tables shows that we must obtain greater uniformity 
of results if we reverse the order of progress and follow variations of 
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density from the surface normally inward. Let depth, taken po ~iti\-e 
in the direction from surface to axis, be denoted by x. Then the abore 
tables enable us to construct 
o=F(x) .......... ............... . (I ) 
where Fis a symbol of functionality and a the apparent density at a dis-
tance x below_ the surface. o is an approxitnate expression.for the struct-
ure of the rod. To pass from this F (x) to the t-rue structure, it is neces-
sary to make allowauce for the fact that in any given uniformly tem-
pered cylinder the elementary coaxial shells are not homogeneous in the 
axial direction; that they increase in density as we pass from median 
plane toward the ends of the cylinder. More succinctly: In view of the 
relatively small length (2l0) . of the cylinders as compared with their 
diameters (2p0), the available method of tempering necessarily imparts 
to them a box-within-box structure. Hence, it follows that 
1,, F(x) = (l0-xlf(x)+ JJix) dx ............... (2) 
By differentiating, simplifying, and ~gain integrating, this •equation 
leads to an elegant expression for true structure,/(x), in terms of apparent 
structure, o : 
f F' (x) J o' 3) f(x) = lo --dx = l0 --dx ..... - - - - - - - • • ( l0-X lo-X 
/(x) being the density at a point anywhere within the cylinder at the 
distance x normally below the surface. 
With equation (3) in hand, it is then easy to investigate correspond-
ing expressions for L1, the mean density of successive cores, in terms of 
/(x) and x. These, however, appear under involved forms. They throw 
no new light on the discussion, and therefore are omitted. 
Density, LI, of successive cores.-To digest the data in the above tables 
we shall first examine the relations of LI, the mean density ofcore; and 
then from these introductory results proceed with. the discussion of 
structure proper. 
In Figure 7 we have constructed the various results of Tables 1, 2, 4, 
by representiug LI as a function of radius. The loci for the data of 
cylinders Nos. 1, 2, 3, 4, all of which hold for steel of the same kind, 
are similar in their general character. This becomes very clear if 
we pass from the surface in the direction of negative p toward the axi ~. 
After removing superficial shells, LI appreciably f3:lls in all cases to a 
pronounced minimum. It then increases at approximately the ame 
rate for each cylinder and in a direction which if indefinitely pro-
longed would trend toward the diagrammatic position of" soft" (not ea ily 
introduced into the figure). The chief features of the e curves are tiler · 
for the minima, their approximate paralleli m, their apparentlr liu • r 
contour, their independence of radiu . Having obtained these r ·ult 
we were inclined to look for imilar variations in an other kinds of t 
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Not a little startled were we, therefore, by the data for No. 6, which 
show an almost complete inversion of the structural character of the 
earlier rods. In the cases of Nos. 1 to 4, L1 increases from the circum-
ference inward; in the case of No. 6, L1 continually decreases, indeed at 
~~ ?.&z \ 
tM ~ :J. O .z s 




FIG. 7. Density as a function of radius. 
almost the same rate. It is therefore clear that structure must be rad-
ically conditioned by the quality of the steel carrying temper. In other 
w ords, to discriminate between different kinds of steel by structure 
(f(x)) data, our classification would show immediate relations to the 
p ower for retaining stress heretofore postulated.1 
The superficial minimum or corresponding point in No. 6, occurring 
as jt does generally, is an observation of some importance. It probably 
i:narks the depth of layer below which the combined processes of dif-
:tusion and oxidation no longer remove carbon from steel. This depth 
1 U. S. Geol. Surv. Bull. 14, p. 95. 
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will of course depend on the time of exposure to high temperature be-
fore quenching. The observation in question is confirmed by this ex-
perimental result: if rods be heated very intensely (Nos. 1 and 3, jn-
cipient white beat), the superficiallayers are frequently so soft as to yield 
readily to steel master tools. Moreover in No. 1, which was twice 
quenclied, this shell is comparatively thick. The underlying core is al-
ways very hard, and it is thus possible to arrive at the thickness of the 
soft shell with some accuracy. It does not extend inward as far as the 
minimum; but this does not tend to invalidate the remarks just made, 
because softness, after quenching, must correspond to an extreme de-
gree of decarburation. There is, however, one point of view from which 
the minimum acquires greater significance than a secondary or inci-
dental result. If the rod subjected to sudden cooling be sufficiently thick, 
it is obvious that the interior will remain soft. Hence the march of L1 to-
ward smaller values, exhibited by No. 6, cannot keep on indefinitely. L1 
must pass through a minimum and then again increase. Hence we infer 
that the position of this minimum bears some inherent relation to the 
quality of the steel under observation - that its depth will increase in 
proportion as the intensity of strain which the rod can carry without 
rupture, increases. Further e~:periments are necessary to decide this 
question. 
It is curious to note that the glass-hard L1 of longitudinally cracked 
rods (Nos: 3 and 5) is smaller than that of rods of unbroken surface. 
This difference may be an expression for the intensity of stress lost in 
consequence of rupture. More probably it is ari effect of thickness. 
In the case of No. 1 structure has been studied throughout an interval 
of almost one centimeter of depth. But it is not until we reach the 
lowest layers for this depth that the curve manifests any tendency 
to change its character. And even here the evidence is uncertain, both 
because the density measurements of the comparatively thin rod are no 
longer so accurate and because the effect of hard ends, to which we 
adverted in the preceding paragraph, becomes more and more se1-iously 
appreciable as radius decreases. The singularly simple and suggestive 
curves are therefore in striking contrast with the necessarily complex 
considerations which must enter into their interpretation. If the cyl-
inder be originally given of length 2l0 and of diameter 2p0, and if then 
a shell of thickness x be removed, careful inspection of the core will 
enable us to distingush the following three parts: (1) The central cyl-
inder bounded by mantle (radius p0-x) and two normal planes at a 
distance lo-Po and -(l0-p0) from the equator. Within this partial cyl-
inder o aries from f (Po) to f (x) in the direction of radius, symmetrio-
all.) with r pect to axi . (2) The two end cylinders bounded by man-
tle and by normal planes, i0 and l0-x, -lo, anu -(l0- x), respectively, 
fro_m the quator. Here o changes :ffZ6m f (x) to J (o) in the direction of 
axi , mmetrically with re pect to equator. (3) The two intermediat 
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partial cylinders bounded by mantle and normal planes, lo-Po and lo-x, 
- (l0-p0), and - (l0-x). It is here that the variation of o i in olved. 
To represent it approximately in the right partial cylinder, let a cone 
be described around a given axi , upon the basal plane lo-x, with its 
vertex at a distance l0-p0 from the equator. This cone divides the 
said partial cylinder into parts such that in the re-entrant figure, ova-
ries from/ (Po) to f (x) in the direction of radius, symmetrically with re-
spect to axis. In the simple conical figure, ovaries from f (Po) tof (x) 
in the direction of axis, symmetri0a.Uy with respect to equator. In 
view of these annoying complications, it is expedient to calculate o from 
successive values of L:1. This may be done without any auxiliary hy-
pothesis at all. Having given o we arrive at the true structure as 
shown in the preceding paragraph. 
These remarks show that to obtain perspicuous values for L1 it is ad-
visable to use only the equatorial parts for measurement; that is, to re-
move the ends completely either by solution or by suitable mechanical 
means before commencing the structure-measurements proper. 
Density, o, of successive shells.-In our endeavor to construct the re-
lation between the density o (apparent structure) and the mean radius 
of shell, R, we must necessarily be guided by the following considera-
tion: If the shell he thin and contain no maximum or other singular 
point, then the observed o is approximately a point on the locus sought; 
but if the shell, however thin, contain one or more maxima, then the 
observed o need not be a point on the locus at all, and the discrepan -
cies and the liability to errors of interpretation will increase as the maxi-
ma become more and more. sharp and crowded. Let the shell be so thin 
that its outer and its inner radius are practically identical with its mean 
radius, i. e., that the right section does not differ appreciably from 
2 7t Rd R=2 7t R .S, in area. In this case 2 7t R .So is the mean mass per 
unit of length of shell; and hence any elementary contour which, between 
R-5f / 2 and R+ .S / 2 incloses the same area as .S o, may be taken as a 
boundary of tbe part of the curve under examin~tion. This shows at 
once the nature of the difficulties encountered in endeavoring to discuss 
the present observations on structure. It opens a field for specufation 
so wide as to be thoroughly unsafe. We will, therefore, in the sequel, 
limit ourselves to right line diagrams, to mere linear combinations of 
the points given by experiment. We thus exhibit the results, as far as 
possible, unaffected by any fantasy of our own. 
In Fig. 8 the values for o are represented as functions of R, on a 
scale in correspondence with the smaller accuracy of the present set of 
data. The scale is, moreoyer, such as enables us to insert the interval 
hard-soft for each curve. Restricting our compariso!! to Nos. 1 to 4 for 
the present, we find at first sight that the variations are jagged and 
apparently irregular and confused. It is, therefore, well to confine the 
discussion still further; to examine the data holding.for No. 1, for which · 
cylinder the observations are most nearly complete; then to use the 
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other curves as a means of corroborating and of further elucidating the 
divers inferences drawn. 
r.o 
IO. 8· Elementary density as a fanction of ra.dioa. 
(478) 
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Inasmuch as the evidenc gi 
under Errors, p. 43), as we pa fro th cir umfi r n i 
accordance with an obviou I harmo ic law. W r adil di rn fi 
pronounced periods (all mark d in he di gram), hi h re cro ded 
near the surface, but which 1 ngth n and are graduall 
we pass toward the axis. During this o cill tor mar b, o in r a 
from values which lie below the gla s-bard den ity almo t far th 
density of the soft state. In other word , the inter al of variati n of 
density studied from point t o point of a temper d rod i full t ic a 
large as the density i.nterval hard-soft. Indeed, if we take into con id-
eration that o is only the apparent structure, that the sb 11 are not 
longitudinally homogeneous, but hard at the ends, it app ar altogether 
probable that the density of soft steel will actually be reached. At the 
same time, it must be borne in mind that the density at about 0.7°m 
below the surface does not differ appreciably from the mean density 
of the core. Hence we infer fairly that from here on, inward, large 
:fluctuations of o will no longer occur. 
The inquiry next in importance is the relation of density at any point 
within the cylinder to the hardness there mechanically observed. To 
the occurrence of soft strata between the points marked a and b we have 
alread;r adverted. But below this the steel appears exceptionally hard-
s~ hard that the little ridges and furrows left on the surface by the 
diamond readily grind off the edges of a file or any other hard steel tool. 
This state of hard temper continues until we reach the points in the 
vicinity of c in the diagram, say O. 7cm below the surface. From here on 
the rod is quite appreciably filable near its equatorial par ts, t he ends, 
of course, retaining the intensity of hardness of the superficial shell. 
After these remarks it is in place to pass in review t he corroborative 
evidence obtained from the other cylinders. In no case is · the perio-
dici~y so sharply pronounced, and w_ere the data for Nos. 2, 3, 4 alone 
available it would escape detection. But the evidence by no means 
conflicts with the inferences adduced for No. 1. No. 2, for instance, 
shows the first and second minima (see diagram) in proper positio·n. 
The inclosed maximum is not so distinctly marked. No. 2, however, 
was quenched from a temperature much below that of No. 1; and since 
tho harmonic distribution of density is primarily a mechanical phenom-
. enon, the importance of temperature is at once obvious. For similar 
reasons the periods of No. 4 are more obscure than those of No. 3. In 
all rods (Nos. 1 to 4) the first minimum is unmistakably located near 
0 .05cm of depth. The second minimum falls between 0.10cm and 0.15cm of 
depth; the third minimum in the three observed cases between 0,25cm 
and 0.30cm; the fourth minimum between 0,5cm and 0.6cm of depth. This 
accordance is too persistent to suggest mere chance coincidences. 
Thoroughly distinct from these curves is the locus of the set of values 
for No. 6. The variations show almost simple periodicity around the 
glass-hard line as a position of equilibrium. A comparison of the curve 
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No. 6 with the curve Nos. l to 4 at once calls to mind the difference in 
the qualities of the steel used. Similarly to Nos. 2 and 3 we here find 
the density of external shell decidedly above that of the soft state. 
The material is probably poorly carburized; for even in the glass-hard 
Rtate, hardness (mechanfoal) is not intense. 
Having described the principal features of the phenomenon of struct-
ure somewhat minutely, it will be our next endeavor to account for the 
remarkable variations observed, at least in some provisional way. The 
methods which suggest themselves to us may be grouped in reference 
to two general heads, periodicity and carburation. But there are two 
ways of explaining periodicity: we may regard it as a, real structural 
phenomenon, or we may regard it as a secondary occurrence, bearing no 
inherent relation to temper at all and due to intermittent shrinkage of 
the cylinder while in the hands of the operator. It is expedient to con-
sider these questions in separate paragraphs. 
Possibility of harmonic distribution of density.-Suppose we ignore the 
occurrence of periodicity for a moment and consider only the mean as-
cent of the loci for o. Then in case of steel of a given kind, subjected 
to a given operation of tempering, the hardness or density exhibited by 
any poin.t is essentially dependent on th~ position of the said point below 
the surface, as our data show. The rate at which the point cools is 
similarly conditioned. Hence it i13 natural to -associate t"he first phenom-
enon with the second, and to state that the hardness in a given point is 
a function of the rate at which cooling- there takes place. Knowing the 
relative rates of cooling of consecutive shells we would have given us 
therewith a method for expressing hardness (estimated in units either of 
density or of resistance) in terms of rate of cooling. But the adequacy 
of such a mode of inquiry is incomplete, because the shells in question 
are parts of the whole, and not distinct individuals. The consideration 
simply suggests the cause for the gradual decrease of hardness from 
surface to axis. 
Returning from this digression to the consideration of periodicity 
proper, we remark that solids, when subjected to shearing strains, usu-
ally exhibit low degrees of elasticity and experience marked changes of 
form. But all substances, whether solid, plastic, viscous, or liquid, 
when subjected to pure isotropic strains-in the present instance to a 
strain of compression equally distributed in the three cardinal direc-
tions-are probably very nearl,y perfectly elastic. Here, therefore, is a 
principle suggesting the possibility of vibratory movement, even in an 
intensely heated viscous solid. Suppose now there be given a small 
sphere of steel. Let this be heated above redness and then suddenly 
cooled (quenched) uniformly over the whole surface. Then we contend 
t~at it i not probable that during the initial stages of cooling contra · 
twn should manifest itself as a simple, aperiodic, static phenomenon,1 
1
A~tention must hero be drawn to to the Cumming-Gore phenomenon of sudden con-
tr ction a.troll heat. Of. U.S. Geol. Surv. Bull. 14, p. 99. 
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We contend, in other words, that in consequence of sudden and enor-
mous compression, virtually applied at the surface, the whole sphere 
during incipient cooling will be thrown into a state of vibration symmet-
rical with respect to the center of figure. Under the ideally perfect 
circumstances of quenching, therefore, the sphere must so vibrate that 
all points of any given spherical shell at a given time are in like phases 
of oscillation. It follows obviously, moreover, that in the case of a long 
cylinder suddenly and uniformly cooled, the phases of the elementary 
coaxial shells will, at a given time, be identical. 
The necessary concomitant of the vibration spe.cified is harmonic dis-
tribution of density; and the maxima and minima encountered may 
be made to differ by amounts as large as we please, up to a certain 
limit, by increasing the temperature from which cooling takes place. 
But while vibration is in progress the cylinder itself is cooling rapidly, 
or, in other wor~s, the rigid shell closes inward from surface to center, 
congealing, as it were, and retaining permanently within itself the traces 
of the harmonic distribution of density in question. 
More concisely : Let the sphere be of large radius. Then the density 
in a point at a normal distance, x, below the surface, at the time t, dur-
ing the initial stages of cooling may be expressed by 
<>= a sin 2;(vt- x+A) . . . . (1) 
where v is the velocity of propagation, A the wave length, A a length 
phase. · 
Let x = cp(t); t = ¢(x) . • • . . • . • (2) 
express the depth of the advancing inward boundary of the rigid shell1 
at the time t. · Then the mathematical effect of congealing may be said 
to be equivalent to au elimination oft between equations (1) and (2); so 
that for the rigid sphere, 
o =asin 2{ (v¢ (x)-x +A) . . . . . . (3) 
a function of 'x only, applies. Equation (3) shows that the wave act-
ually congealed need be identical in regard to neither phase nor wave 
length with the orig~nal wave;\,; that it will generally be very much 
larger. For instance, under the simplified conditions that x = cp (t) = 
m + nt, if we put 
arc ctg n = a arc ctg v = f3 
the congealed wave will exhibit the new phase ~ Ai', and· new wave 
length, A, 
, sin f3 
A =A-m and A=A sin(/3-a) • • (4) 
respectively. According as a lies anywhere between /3-;and /3, A . 
may have any value between the limits A sin /3 and oo. But it is es-
1 Rigidity may here be the result of chemical as well as of mechanical action (tem-
perature). See p. 42. 
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sentially constant, and the ·periodicity uniform. Here we ma · remark 
in passing, that if shells of like thickness be etched off, th ob erved 
harmonic law will bear. some such relation to the congealed periodicity 
as is expressed in equation ( 4). 
If <p (t) be not Iinep,r but represent some more complex function, asit 
must in the case under consideration, A must also vary continuously. 
If, furthermore, n = d <p (t) I dt, and if n decrease continuously, then J!. 
will increase with x wherever n > •v; it will decrease with increasing x 
wherever n < v. The former of these criteria seems to be given by the 
diagram, Fig-. 8; but it must be borne in mind that the curves there 
given are seriously distorted by other causes. The inference goes to 
further than to point out that the harmonic distribution of density must 
be of variable period; ·and that this variation will depend on the rela-
tive values of rate of wave propagation and rate of advancing rigidity . 
.As the process of cooling proceeds, the continually. increasing thick-
ness of rigid shell interferes with vibration in a way to obscure the 
periods more and more, as we pass from the surface inward. Within 
the shell the energy of vibration is largely potentialized. We have 
already pointed out that in the·case of cylindrical figure true structure 
is related to the apparent structure, o, by the equation 
JF' (x) f(x)=lo lo-x· 
If F (x) be harmonic, f (x) will also be, with this limitation, however, 
that/ (x) and F (x) cannot, at the same time, both be uniformly so. 
Probably neither will be; and we have a second condition for the vari-
able periodicity observed. The effect of superficial decarburation on 
o is a third condition. 
Perfect uniformity of sudden cooling or quenching is not practically 
attainable. Pressure is first applied at the parts of the hot cylinder 
which first touch the cold water, and it is not until the mass is fully 
submerged that the temperature, &c., of the surrounding medium is 
fairly uniform. Again, certain parts of the quenched body will always 
be more favorably placed in regard to contact with cold water than 
others. Hence the conditions are such that perfectly symmetrical ar-
rangement of the parts of like given density relatively to the axis and 
center of figure of the steel body must be a very rare occurrence. True 
structure is therefore more or less fully obiscured by the divers adventi-
tious circumstances of chilling and by intentional or accidental varia-
tions in the operation of tempering itself. 
The views here set forth are very well illustrated by the following 
little experiment: Let a ring capable of up and down motion be sos-
p nd d with it plane always horizontal over a ba in of water. If no 
h ring be lowered at regular inter als o a to dip into th water with 
. 11 it part at once, and if the p riod of o cillation of the ring be a -
Jn t · nchr nuu ly with the o cillation of the circular wav and r it, 
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the whole surface of the at r • th ring 
field of regular and con ti nu d m i n. upp n 
tocongeal from the ring inward , t r gular r~ te, b nth cong aJ d 
surface will show uniform p ri di i , , hi .h ill not, how er, b id n-
tical with the period of the liquid urft If th rat f a.d a,nce be 
variable, the periodicity mu t b uric bl . Fiuaill he conditions of 
practical quenching may be typifi. d l> th int r£•ren e re ulting if the 
ring be dipped obliquely relative to h urfac of the water. 
Intermittent shrinkage.-Whatev r the mechanical structure of steel 
is, it may be reasonably argued that the condition of equilibrium at 
every point are in conformity with and infiuenc cl by the dimensions of 
the bar. Hence, if parts of the rod be removed, by solution . or other-
wise, we may look for an excess of tre s in those parts; and if the 
process of removal be often repeated, thi excess may eventually in-
crease to an intensity sufficient to effect a permanent and sudden change 
of strain. A series of such changes would constitute the intermittent 
phenomenon in question. 
Glass-hard steel is under a strain of dilatation. The probable effect 
of the removal of superficial coats is, therefore, contraction. We need 
only suppose that the greater part of such contraction takes place uni-
formly, in proportion as shell is being removed, to obtain the principal 
f~atures of Fig. 7, Nos. 1 to 4; moreover, that suddPn contractions of 
higher order, occurring intermittently for the reasons specified, are su-
perimposed upon this main and uniform s:hrinkage to generate Fig. 8, 
Nos. 1 to 4. For since · 
and since we may consider µ, Mo, M1, f7 0 constant in any given experi-
mental case, it is obvious that if' f7i vary by small decrements, in conse-
. quence of contraction, o will vary by corresponding decrements, and 
conversely. If, therefore, we examine Fig. 8, No. 1, for instance, sud-
den contraction may have occurred b·etween band the :first minimum, 
between the first maximum and the second minimum, between the sec-
ond maximum and the third minimum, between the third maximum and 
the fourth minimum, and so on. Between' any minimum and the next 
consecutive maximum we have usually a curve of' gradual ascent, indi-
cating normal changes of density. 
Some evidence of contraction is contained in the above tables, and 
discussed under Errors, p. 48; but it is insufficient. On the other 
hand, no contraction could be discern~d by resistance measurements at 
all (p. 31). The occurrence of shrinkage is, therefore, questionable, and 
i:nore searching investigation may show it to be absent. Moreover, it 
would furnish no satisfactory explanation for certain degrees of like-
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ness in the curves Nos. 1 to 4, to which we have already referred. 
After the removal of nearly 1 cm of shell, hardness is still retained at 
the ends of No. 1, whereas it gradually vanishes near the middle parts. 
This, again, is adverse to the shrinkage hypothesis. 
Carburation.-The probability of absence of true shrinkage to which 
we referred in the last paragraph, taken in connection with the great 
molecular stability of the shells in the divers specimens of steel ex-
amined, suggests that the intensity of the -mechanical strain of glass-
hard steel may possibly be overestimated. Mere superficial scratching 
is frequently sufficient to explode a Rupert's drop.1 Glass-bard steel, on 
the other band, may be reduced in thickness to quite one-third the orig-
inal diameter, or again, thin rods · (0. 7cm) reduced to mere filaments 
without showing any thoroughly satisfactory evidence of shrinkage. 
In all the experiments made by the resistance method, hardness is 
found to increase very perceptibly from surface to core; the (thin) 
rods (radius = 0,3cm) are hardest at th~ axis. If, therefore, steel has 
once been subjected to an operation capable of evoking the strain of 
dilatation in question, the strain imparted appears to possess a cer-
tain permanence of character and to be able to maintain itself in-
dependently of the presence or thickness of the surrounding layers. In 
this respect it is peculiar. It yields readily to temperature only; and 
we infer that it owes its persistency to molecular or chemical agencies.2 
Suppose, therefore, that with the carbon available in steel it is possible 
under favorable circumstances to produce a variety of iron-carburets; in 
other words, that under favorable variation of circumstances, a certain 
latitude of density is a possible occurrence. Then we argue, plausibly, 
we think, that during the process of sudden cooling of steel from red-heat 
the carbon and iron at any point within the body will unite (for the 
given degree of carburation) in correspondence and conformity with the 
intensity of strain there experienced; that, therefore, in the cold steel 
the strains are to a large extent permanent and independent of the con-
dition of stress of the surrounding medium of steel. 
The remarks just made will have shown bow incomplete our knowl-
edge of the phenomenon of structure a-s yet is, and where further ex-
perimentation is essential. The paragraph on periodicity postulates 
certain relations between velocity of wave propagation and rate at 
which rigidity advances inward. The occurrence of shrinkage is hy-
pothetical and lacks sati factory evidence; nor has direct quantitative 
measurement been brought to bear on the conditions of carburation. 
1 Our r cent experiments show that the respective behaviors of steel and Rupert 
drops here jn question are identical .-August, 1886. 
i Conditions favorable to chemical combination ( quenching), so difficult of attain-
ment in case of low <.legrees of carburation (steel), are given at once in case of greater 
carburation ( cast-iron), where mere cooling in air will harden. The mass of available 
car~ou i therefore here an essential factor and the phenomenon in hand is probably 
an rnstance of mass actior. 
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Nevertheless w beli YO that i ti 
advanced will recon trnct the n ·tu, 1 ph 11 11 ' non 
rately as the data now in h:uHL dt nib · it. 
Resistance.-The re ·ult in 'lnbl 'i h · 11 
Considered individuall~·, mor • v r th ~ w t l ll 
Considered as a whole the· nrntm 11 • ,·u 't. iu , ·h 
decided increase of re i ·tan it p, , in O' fr m urf, · or • 
3 
ness increases rapidly inward nnd thi , qn, litv h •1 .·i:t · in 0-1 , t t 
' . h intensity at the axis. The rod th r for , b , lil· b lulYi r "1 
u, and the general structur i tha of r h ti 1 r l u • t rn, l h · r 
surrounding a relative]y rare cor . But it mu b b rn in mind th· t 
these rods are comparatively thin; that for gr ~ t r thi ·kn th 1 ci 
will probably pass through minima. of L1 or ma ima, of O and of hard-
ness, thereupon to enter into a, second pha of -variation, n h a i 
hibited by the L1 of rods Nos. 1 to 4. Considered in thi light, th min-
ima in Fig. 7, Nos. 1 to 4, are to some extent critical point , ina mu h 
as their position varies in depth with the quality of teel employed, 
and is deepest for steel capable of withstanding a maximum of st.re s 
of the given kind. -
, .Finally, it is well to remark that the data of the above tables, when 
interpreted in the manner given under carburation, conflict with re-
ceived physical notions of temper and structure; for it appears that 
the equilibrium of stress at any point is m:;1,intaiued independently of 
the presence or absence of other layers. Hence, the deduction made in 
Bulletin 14, page 103, from data obtained with malleable cast iron, viz, 
that the electrical variations accompanying temper are evoked by strain, 
and are only to a smaller extent dependent on the conditions of carbu-
ratiqn, does not follow in the way in which we there understand it.1 In 
short, the present results make it questionable whether in the cold rod 
the effects due to strain and to carburation, respectively, can be sharply 
distinguished at all ( cf. p. 42). 
Errors.-In the present research some of the inferences are depen.-l~ 
ent on variations of the descriptive function, o, the order of which is 
not much above the aggregated effect of errors of observation. Hence 
a full enumeration of the divers sources of discrepancy, together with 
an analysis of the magnitude and distribut,ion of their respective influ-
ences, is a matter of cardinal importance. 
It seems expedient to commence with the observations proper, since 
it is here feasible to obtain good estimates for the amount of distortion 
probable in each case. If we define o,., the density of the nth elemen-
tary shell, approximately by 
On= LJn-1- 2~n (L'Jn-1 -Lin) • • • • • • • (1) 
n 
1 Probably in malleable cast iron insufficient quantities of transmutable carbon are 
available, the metal being rich in graphite. The presence of neutral conducting sub• 
stances obscures the electrical effect of temper. 
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we may regard tle errors of' on essentially conditioned by the values 
and variations of'£, -9-, L1n_1-L1n. The range of variation of these quan.-
tities bas been 
0.5 < R < 1.5 . . . . (2) 
0.01 < ,9- < 0.1 . . . • . . . (3) 
0.0010 < .LJn-1-LJn < 0.0050 • • • • • • (4) 
Hence, if to prevent confusion of signs we designate errors by prefix-
ing the differential symbol "d," we easily deduce from (2), (3), ( 4), and 
partial differentiations of' (1), 
0.025 d,9-n < don < 37.5 d-9-n • • • • , (5) 
2.5 d(.LJn--1-.LJn) < don < 75,0 d(.LJn--1-.LJ,J • • • • (6) 
0.005 dRn < don < 0.25 dRn • • • • • • (7) 
equations to be interpreted numerically. If we consider these cases 
one by one, we obtain as conditions under which (5) is least favorably 
and most favorably applicable : 
d::tn < 0.01; 
d::tn > 0.001; 
0.375 > don > 0,00025 . , • (8) 
0.037 > don > 0.000025 • • • (9) 
respectively. Again, for the conditions under which (6) is least favora-
bly and most favorably applicable, 
d(.Ll-1-.Lln) < 0.0010; 
d(L1_1-L1n) > 0.0001; 
respectively. For (7), similarly, 
0.075 > don > 0.0025 (10) 
0.0075 > don > 0.60025 . (11) 
dR < 0.01; 0.0025 > don> 0.00005 . . (12) 
dR > 0.001; 0.00025 >don> 0.000005 . . (13) 
respectively. An inspection of the inequalities (8) to (13) leads to the 
result that serious distortion from errors in the measurement of R nec<l 
not be apprehended, but that the effect of errors of L1n_1 -L1n, a.nd to 
a lliuch greater degree of -9-, may, in unfavorable cases, influence on to 
an alarming extent. It is, therefore, desirable to discuss in detail the 
probable mean errors d-9-, d(L1n_1-L1n), dR, and to weigh as nicely as 
possible their influence on o. In order to do this, in a measure at least, 
we made duplicate direct determinations of L1 after each removal of 
shell; and, similarly again, duplicate measurements of -9- and R. The 
values for .LJ, ..9-, and R, as resulting both from direct measurement and 
from indirect gravimetric measurement, are fully given in Tables 2, 3, 
4·, and 5. Table 9, however, contains a perspicuous comparison of the 
special differences between otserved and calculated, here in question. 
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TABLE 9.-Exhibit of errors of Rand of~. 
No.L No. 2. No. 3. 
Shell dR d6 Shell. d.R di) Shell dR d" 
J... ......... -0. 0003 -0. 0022 1 • . • • . . • • . . . -0. 0017 -0. 0033 1......... -0. 0064 +o. 0005 
2 ............ t 016 014 2....... .. . . . + 009 10 2......... - 06 - 19 
3 ............ + 031 017 3. .. . • . . •.. . . + 017 14 3........ + 09 11 
4.. .......... t 052 022 4...... ..• . . . + 037 28 4 . .. ..... , + 57 - 55 
' 
L ......... t 026 052 5...... ••• • • • + 061 22 6........ . + 33 - 6G 
1 ............ t 000 096 6. ••• • • • •• • • . + 063 + 19 7 ..••..• - . + 78 14 
8.. ....... .. . t og1 + 115 7............ + 058 07 8. . • • . . • • . + 66 + 29 
9 ............ t 064 062 8 •••••.••••.. + 100 + 20 9 .. ······· + 57 10 
10 ............ t 087 + 017 9...... ...... + 105 31 10......... + 76 - 34 
11. ........... + 074 + 009 . •• • • • . • • . . • • . . • • • ••• . • . . • • . • • • • • . 11......... + 72 + 47 
I 12.. .......... + 120 - 101 .••.••••••.••..••. ·••••· ..•. •.•••. 12. ··•··•·· + 42 + 10 
13 .......... · · + 124 + 092 • • • • • • • • • • • • • . • • • • •• • • • • . • • • • • • • • • • •••••••••• • • • • • • • · • • · · - • • · • • • • 
l4..... ....... t 089 - 020 .••.•.•••••••..• ••• -- • • • • • • • • • • • • . • •••••••••• • • • • • • • · • • · · • • · • • • • • 
15· • • .. • •• • • • • + 091 + 014 . • • • • • . • • . • • • . . • • • • • • • • • • • • • • • • • • • . •••••• -· •••.• · • • • • • • · · • • · · • • • • 
16 .••••••••••• + 104: - 04:1 •••••••• .••••• ·····-···· ••• ·•• •••• •••••••••••• •••••••••• •••••• ••• 
1
17· · • .. • • · · •• · t 108 + 084 • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • •••••••••••••••••••• ••• •• • • • • • 
lB .. .•••••• • • • + 101 - 020 . • • • • . • • • . • • • . . • • . • • • • • • . • • • • • • • . . ·-••••••••••.••..••••... • · · • • • · 
19· • · · · · · .• • • · + 107 + 008 • • • • • • • • • • • • • . . • • • • • • • • • . • • . • • • • • • • •••••••••••••••••.••..••.• · • • · 
20 · ••• •• •••••• + 077 + 050 . • • • • • • • • . . . • . • • • . • • • • • • . • • . • • •• • • • •••.•••••••...••...•......•• • • 
' 
Numerical ------ Numerical Numerical 
mean · ·• • 0. 0072 0. 0042 mean ... _ o. 0052 0. 0020 mean.... 0. 0050 0. 0027 
No. 4. 
Shell 
1. •••••• •••••• •••••• ·•••·• .••. 
2 ..••••........••... ······ ... . 
3 ..••••....•.. ······ ··•···· .. . 
4 . .... ········ ······ ······ ... . 
5 .• ••••··••· •••••· .••... •·•••. 
8 .•• • . ••••···•••·· ·•·••• .: ••• 
7 .• -·. •·•··· ······ ··••·· ..... . 
8 . . - -· •••··· ······ ······ ..•... 























1........ ... ................. +o. 0111 
2 •••••••••••. ••• ••·•• ••• •·••· + 066 
3 .••.•••. . .•. .•• .. .....•..... + 060 
4 .••••...•..••.•••....... .... + 081 
5 •••••••••••••. • ••.••• ••••• •• + 060 
6 •••••••••••••••••••••••••••• + 056 








8 .••.•••...... •• ...•.•. •. .•• . + 106 05 
9 .......•.................... + 083 + 42 
Numerical mean ....... ~061 o. 0026 Numerical mean....... O. 0086 0. 0031 
In constructing Table 9 it was thought expedient to facilitate com• 
putation by assuming l = 6°m. The uniform error thus introduced 
(except in case of No. 6, about which later) will not exceed a few tenths 
per cent. of excess. The unbroken character of dR is therefore attribu-
table to other causes, principally to the fact that in view of the corroded 
or pitted surface of the cylinder after solution-in other words, in view 
of warty irregularities, which even the diamond does not satisfactorily 
remove-the measured value of R must be too large. To an important 
bearing of this result we have already alluded above (p. 31). In .9- this 
uniform error is largely eliminated, because .9- is essentially a difference. 
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If we take the numerical mean of the values of dR and dS- for Nos, 
1 to 6, ;espectively, the results must yield us as safe an estima,te for 
the mean errors of R and ,9- as is conveniently obtainable, even though 
this method be not punctiliously rigid. Table 10 shows the value of 
do, corresponding to the numerical mean values under consideration 
(Table 9) for each of the cylinders Nos. 1 to 6, and for mean value of 
R, ,9-, .d. The table is readily intelligible, since do is the influence of the 
error placed on the Sl=Lme horizontal row. 
T.ABLE 10.- Calculated ( mean numeriaal) errors of o. 
[R = 1.0; ,9- = 0.05; An-I An= 0.0025.J 
No. 
1 ............................ . o. 0042 0. 0020 
0. 0005 o. 0050 
0. 0072 . . . . . . . . . . . . • . . . . • • • • . o. 0002 
2.. .. ... . . . . . .. . . . . . . . . . . . . . . . o. 0020 . . . . . • • . . • • . o. 0010 
0. 0005 o. 0050 
0. 0052 . • • • • . . • • . . • .. .. . • .. .. o. 0001 
3. ... ....... ... . . . . . . ... . . . . . . 0. 0027 . • • • • • . • •• • . o. 0013 
0. 0005 0. 0050 
0. 0050 . . • . . • • . . . . .. .. .. . . . .. 0. 0001 
4. .. . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0026 . . • . . . . . . . • . 0. 0013 
0. 0005 0. 0050 
0. 0061 • • • • • • . • • . . . • . . • • .. . • . o. 0002 
6............. ...... . . . . . . . . . . o. 0031 . •• • • • • • • . . • 0. 0016 
. • • . • . . . • . . . . . . . . . . . o. 0005 0. 0050 
0. 0086 . . . . . . . . . . . . . . . . . . . . . . o. 0002 
The distortion due to errors of observation enters very fully into the 
third decimal and may affect the second. Its mean value will not be 
greater than a few tenths per cent. This is by no means sufficient to 
invalidate the observed harmonic character of Fig. 8. . It is indeed only 
just sufficient to permit us to replace the jagged outline of the diagram 
by well-rouuded contours. 
These data are so important as to urge further search for corroborative 
evidence. Fortu1:1ately, results for this end are in band. In Tables 3 
and 5 we derive' <f•in two ways: first, as depending on mass and density 
alone; secondly, as depending on dimensions and density alone. The 
two methods of computation both contain .d, and are therefol'e not who11y 
distinct; but they differ from each other by one essential variation at 
least; and although it is again not rigidly precise, it is sufficiently in 
keeping with the present purpo e to regard the difference between the 
respective values of o as a fair e:timate for the error of this quanti(f. 
For the sake of facilitating expression or of deriving a single final 
result, we will go one step further and regard the differences between 
ob erved and calculated o, in Tables 3 and 5, as errors of o con ider cl 
for the time being a a constant quantity. With this a sumption we 
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wusm>STBOmw..] EVALUATION OF ERRORS. 47 
reach a concise expression for the mean error of one observation. In 
consequence of the transcendental choracter of the dependence of o on 
R, we know of no better method for making this evaluation. The indi-
ridnal and the mean errors thus derived are summarized in Tables 11 
and 12. 
TABLE 11.-Exhibit of errors of u, first series. 
No. Shell. Error. No. Shell. Error. j No. Shell. Error. 
--
1. ......••••.. 1 +o. 003 1 ........... . 11 ±0, 000 3 ............ 1 -0. 010 
2 - 17 12 - 07 I 
2 + 03 
3 + 03 13 ± 00 3 ± 00 
4 + 04 I 4 05 01 14 + I -
5 ........... 15 + 01 6 - 03 
8 - 07 16 - 03 7 - 01 
7 - 07 17 + 01 8 + 02 
8 + 02 18 + 00 9 - 03 
II - 11 19 - 01 10 - 03 
10 + 02 20 + 01 11 ± 00 
12 - 01 ---- ----
l\fean error .. ......... . ±0. 0058 Mean error .. ------ ±0. 0041 
TABLE 12.-Exhibit of errors of o, second series. 
No. Shell. Error. I No. Shell. Error. I No. Shell. Error. ------ I --
2 ............. 1 +0.015 4 .... . ....... 1 ±0, 000 6 ............ 1 +o. 002 
2 - 10 2 ± 00 2 - u 
3 - 02 3 - 01 3 ± 00 
4 - 03 4 - 07 4 ± 00 
5 - 04 5 ± 00 5 - 03 
6 + 01 6 + 00 6 + 04 
7 + 02 7 - 01 7 + 02 .. - 01 I 8 + 01 8 ± 00 
9 - 04 
I 
9 - 01 9 ± 00 
Mean error .. -- I -- --... ...... . ±0. 0069 I Mean error . ........ . ±0. 0026 Mean error . ·----- ±0. 0054 
The magnitude of errors contained in Tables 11 .rnd 12 is in excellent 
accordance with the corresponding data in Table 10. The methods of 
discust-1ion are quite distinct and independent. W c therefore infer with 
some confidence that, so far as errors of the cl::-ss under consideration 
go, the periodic nature of the dependence of the density at a given 
point within the cylinder on the depth of the same point below the sur-
face ~annot be annulled or brought to merge into simp,ler functions. 
Alike in order of importance are such errors as depend on tbe 
state of the surface of the cylinders. After removal of a shell by solu-
tion the surface is rarely glos~y, most ustrnl'ly pitted, furrowed, and 
rough. In this case accurate measurement of L1 is quite difficult, be- . 
c, use it is not easy to cleanse the surface thoroughly, either of adher-
ing sheets of invisible air bubbles or of carbon, rust, or even metallic 
precipitate, L1 obtained from rough surfaces is therefore presumably 
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too small. The objections here in question are obviated if the surface 
be trued and polished on the lathe with a diamond master tool; but this 
process may introduce a new error, even if proper precaution be taken 
for turning under water. The rise of temperature resulting from fric. 
tion, or, indeed, the merely mechanical effect of scratching, may change 
the superficial temper very appreciably. In other words, the tbe1mal 
effect of friction may be quite insignificant when distributed over the 
cylinder as a -whole; but its effect in changing the stress under which 
the superficial shell is f upposed to exist may nevertheless be marked. 
We take from the above tables a few data to corroborate these remarks. 
Roman indices refer to cylinders by number; Arabic subscripts, to 
shells. 
TABLE 13.-Density effect of friction. 
No., &c. Rough. Smooth. Difference. do. 
A1il •.••. 7. 7864 7. 7892 +o. 0028 +0.03 
A1~il .••. 7. 7646 7. 7666 +o. 0020 +0.02 
A211 ••••• 7. 7888 7. 7900 +o. 0012 +0.01 
A2IY ••••• 7. 7734 7. 7753 +0.00191 +o,02 
A1YI •.•.. 7. 7980 7. 8015 +o. 0035 +o. o4 
A13j····· 7. 7890 7. 7933 +o. 0043 +o. o4 
Density is increased by turning to an amount as large as corresponds 
to the removal of a single shell; and the discrepancy d o resulting may 
be even one-half per cent. of the density of shell sought. The part 
of this increment due to roughness of surface and the part due to 
superficial annealing cannot be distinguished; but it is clear that the 
data will only be sufficiently accurate for the present comparisons when 
cylinders of like surface, preferably smooth, are examined. If we in-
spect the equation of errors here involved, 
2d-~ R ( A A ) -d;:)-n+Rn Lln,.-1-LJndR un= n £.Jn-I-£.Jn ~ ~ d (LJ,._1-Lf11) + ,.9- n, 
~n n n 
we find do:n alarmingly large when the shells are thin. Such data can-
not be regarded as valid until they have been subjected to most careful 
and searching scrutiny. 
Curiously enough, even if the rough cylinders be tested from time to 
time, density seems to increase. This may be regarded as an indica-
tion of slow shrinkage. Here are a few results, h denoting the inter-
val in hours: 
• TLBLE 14.-Effects possibly due to shrinkage. 
No.,&o. h A Difference. 
fl1IY ••••. 0 7. 7727 J 
I"•"'···· 
50 7. 7738 1 +o. oon 
0 7.8000 
50 I 
7. 8022 J +o. oo22 I 
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The data are again of the same order as the differences of density ob-
tained by removing a single shell. Here, ther .fore, is a source of error 
the effects of which cannot as yet even be estimated. The few data 
given merely suggest the importance of special inquiry . 
.A third class of errors results from the fact that it is nearly impos i-
ble to preserve perfect cylindricity throughout the course of the experi-
ment. Solution is liable to take place at greater rates near the ends 
of the pieces of steel, as well as irregularly over the surface. The re-
moval of matter in too great quantity from the ends must be particu-
larly apprehended. This difficulty may be corrected to some extent by 
painting with asphaltum ; but it is not thoroughly counteracted. E'rnn 
the diamond polishes the surface without necessarily restoring the cylin-
drical figure completely. Hence unless great care be taken, the cylin-
ders, after repeated solutions of shells, become more and more convex 
and barrel-shaped, and hence if the infinitesimal shells of the hard 
cylinder be coaxial and symmetrical with respect to its equator, the 
dissolved shell is not in full coincidence with a series of elementary 
shells of the cylinder. Moreover, the discrepancy is greater as the 
harmonic distribution of density is of small period or crowded. In 
such a case the true periodicity may wholly escape detection. 
Again the density, o, directly obtained is not the true density for the 
given distance, x, below the surface. This follows readily if it be called 
to mind that the structure of the tempered cylinder must be that of 
box-within-box. Hence if we consider the distribution of density along 
the nth elementary shell we must find, on passing from equator to either 
end, a general increase to a maximum simply because we approach · 
parts near an end surface of the original cylinder. The analysis has 
already been given. 
The final source of error is readily detected. We refer to superficial 
oxidation. It is obvious that the rapid descent of the loci of both L1 and 
0 for points near the surface is partially a secondary phenomenon, a 
1 
simple physical expression for decarburation. To this we have already 
adverted (p.33). We may add here that cracks are apparently accom-
panied by small values of L1 (p. 34). 
It will hardly be necessary to refer to the actual measurements. The 
water in which steel is frequently immersed soon shows yellowish tur-
bidity, due to suspension of rust. In replacing this by fresh water, we 
invariably weighed the bodies (steel) in both; but the differences be-
tween the respective values of density were negligible in all cases. 
The results of this discussion may be tersely summarized thus: A first 
approximation reveals structure ( o=f (x)), as a simple function of depth 
(x= p 0 - p) below surface, nearly independent of radius; more accurate 
approximation suggests an exceedingly complicated, probably harmonic 
function of depth. Final decision as to whether the harmonic relat:i.ons 
in hand are true expressions for the variations of structure involved, o:r 
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whether they simply indicate a periodic distribution of errors, can alone 
be given by frequent and laborious repetitions of experiments like those 
here described, with comparisons of all the loci obtained. The experi-
ments must include many types of steel; for it is in this work that the 
quality of the material enters as a factor of exceptionally great impor-
tance. We come at once in contact with the power of retaining stres8 
postulated in our earlier bulletin. 
CONCLUSION. 
The general results of the present paper have been so fully summa-
rized in the preceding paragraph that further remarks here are nearl!7 
superfluous. But there are certain ulterior points at issue which have 
not yet been touched upon. In the first place, it is clear that the inves-
tigation of structure, which the· present pa.per merely commences for 
the glass-hard state-, is incomplete; that it must be supplemented by 
the nearly equally important series of data for the other definite states 
of temper between hard and soft. In Bulletin 14 we studied the phe-
nomenon of annealing in its gross or aggregated effects; but the minute 
analysis of this phenomenon must, under given circumstances of ex-
posure, necessarily discern differences of hardness at each point of the 
rod annealed. It must distinguish b~tween the paths, as we may say, 
by which the consecutive individual shells eventually reach the state 
of homogeneous temper, while the rod as a whole passes from bard to 
soft. 
An important observation is the dependence of structure on the 
quality or kind of steel carrying the hard strain, so that it may even 
be a sensitive criter10n of the character of the material employed. 
Certainly it is difficult to avoid the inference that the lauded theory 
of dense shell and rare core, or hard shell and soft core, when re-
garded as a faithful expression for the structural results of temper, 
is quite incomplete. Under given conditions of quenching and for a 
given kind of steel, the hardness at a point is dependent upon the po-
sition of the said point below the surface, and will be harder or softer 
than the superficial layers in proportion as we pass through greater 
values of depth. Hence, so long as crucial evidence for or against vis-
cous shrinkage (i. e., continuous variation of strain due to purely me-
chanical causes) is not in hand, so long as the strain at any point of a 
tempered-steel bar is persistent and apparently independent of the 
strain of surrounding parts, it will be safest to return to tbe venerable 
hypothe is of combined carbon, much in the form in which Kar ten 
and his stalwart a sociate left it.1 
1 \Ve have since examin ed the question of structure from a variety of differ~t 
standpomt • It is difficult to give satisfactory excerpts here; and the reade~ u 
th r fore r ferred to the American Journal of this year and to forthcoming Bulletin! 
of the urv y.-.August, 1886. 
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B.-THEC0L0R EFFECT PRODUCED BY SLOW OXIDATION OF IRON-
CARBURETS. 
Under this head we de ir o n ti aati n on c rtain color 
phenomena peculiar to iron-c rbu din a earli r bnll tin .1 
Let there be given an o id :film b un 1 tl b, wo parall 1 plan , in-
definite in extent, the anterior plau ing ontinuall in contact ith 
air, the posterior plane continuall in mol cn1ar con ta t with iron. Let 
the degree of oxidation at all point of an parall 1 plane between them 
be identical. If O be the oxidation in an int rfac at a di tance x be-
low the anterior surface, then we r gard - d O I dx a an important factor 
of the force in virtue of which oxygen i uro· d normally through the 
interface, in an inward direction. And, furthermor , ince during the 
whole growt~ of the film the inner and outer coats remain in contact 
with iron and air, respectively, we must infer that j~x dO, the di:ffer-
n 
ence between the degrees of oxidation of the two extreme surfaces, is 
constant. Hence the mean value of dO I dx must decrease in proportion 
as the coat increases in thickness, and hence oxidation ceases completely 
after a certain finite thickness of :film has been formed . Experiment 
shows that at each temperature the depth of film below which oxygen 
cannot penetrate is a quantity of definite value, increasing as tem-
perature increases. We find moreover that oxidation advances as far 
as the said maximum depth gradually at a slowly decreasing rate 
through infinite time. 
In the case of ordinary diffusion- dO I dx would be a continuous func-
tion of x. In the present instance, however, - dO I dx is not necessarily 
continuous. Regarding the character of - dO I dx no further remark 
can here be made than that it must decrease continually from the anterior · 
to the posterior face of a film. It. is known that the oxide which forms 
· on iron during heating is not of definite chemical composition. According 
to Roscoe and Schorlemmer2 the inner layers are not magnetic and ap-
proximately 6 Fe O Fe2 0 3• The outer layers contain more ferric oxide 
and are magnetic. This result for thick layers does not, however, bear 
any immediate relation to the composition of extremely thin films, for 
after the coat bas increased to a certain thickness it cracks, and the 
phenomena are then repeated in promiscuous and irregular succession. 
The considerations suggested lead directly to the grained structure of 
matter, and we have remarked elsewhere that the oxygen molecule does 
not penetrate deeper · than a few thousand times its own dimensions. 
Nevertheless the convenience of a function like - dO I dx, continuous 
throughout the great parts of its extent, at least, is obvious. 
1 U. S. Geol. Surv. Bull. 27, p. 51, 1885. 
2 Roscoe and Schorlemmer, Chemistry, 1884, II, 2, p. 86. 
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. Our observations are as yet by no means sufficiently advanced to en-
able us to express the final (time = oo) thickness of film in it depe~d-
ence ori temperature. The data of the former paper, moreover, are 10-
complete in two respects: they contain only isolated values for the 
early stages of oxidation, which stages are important because they ex-
hibit the time effect perspicuously• they furnish no results at all for the 
oxidation effect oflow temperature~. To supply these deficiencies is the 
main object of this paper. 
The method of experimentation here adopted is identical with that of 
tbe former paper. It was found expedient, however, to allow the flame 
of the burner to impinge upon a broad plate of brass; to place the 
shaft with its horizontal asbestus screen properly adjusted, upon the 
plate. This insures greater constancy of temperature throughout the 
area of base. Moreover, no discrepancy due to hot-air currenps coming 
directly from the flame is to be apprehended. To obtain lower tempera-
tures along the given length (25°m) of shaft, we found it fairly expe-
dient to use two brass plates with an interposed sheet of asbestus. 1 By 
this device the range of temperature, 1800 to 3000, was reduced as far as 
110° to 160°. Certain objectionable features are to be mentioned below.2 
If care be taken to avoid these, the apparatus will furnish ample facili-
ties for the complete researches on temper value contemplated. 
Data for high temperature.-The results contained in Tables 15 to 18 
were investigated with a view to corroborating the results of an earlier 
paper.3 The range of temperature here lies with1n 180° to 260°, and 
the dark bands or zones (colors of higher order) are to be observed 
chiefly during the initial stages of oxidation. 
In Table 15 the approximate positions of the color zones are given by 
noting as accurately as possible the consecutive depths (in centimeters) of 
. the upper and lower boundaries of the respective zones below the top of 
shaft as a datum. h, here, is the time iu hours dated from the moment 
at which the experiment was started. The figures under "remarks" 
refer to the observed <lepth of the center of color of the "clear blue" 
band. The column " dark" contains data for all shades of the vari-
ously-tinged blacks which follow the gray. 
In Table 16 we give results for the successive distributions of tem-
perature on the shaft. "No." refers to the thermo•element of platinum 
and platinum-iridium (20 per cent.) used. tho is the electromotive force 
of this couple when the hot junction is applied at a depth, d, and the 
~old junction kept constantly at 200. From this, t, the temperature 
m degrees centigrade is calculated. The means of the re ults for tem-
perature and depth are summarized in Table 17. 
On the ba i of Table 15, 16, 17 we computed the results in Table 18. 
The d pth' and mean temperatures of the successive color bands are 
1 ee Fig. 10, p. 59. 
1 See p. 58. 
3 U. S. Geol. Surv. Bull. No. 27, p. 51. 
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here given for each time of ob r ation. The results for clear•blue, 
having been specially redet rmined, c re probably more accurate than 
the others. 
TABLE 15. - Conseoutiv6 posi,ions of tke color bands . 
.; 
II) 
Steel• Light- Cl 11,r. 
Cl) 





Sept. IS .. 0 ······-· ......... ........ ······· · ..... ·-· ········ ......... 25-0 Flame etarted. 
1.5 ········ ........ ......... .......... . ....... ......... -- ..... 25-0 Ti above 1000. ottomrstvi8• 
ibly dfl.r ening. 
2. 7 ········ ---····· ........ ........ ......... ........ 22- -0 24. 5. 
5.5 ·····-·· -- ... --... ......... 25-24 U-22 22- . ........ -0 24. o. 
8;2 ......... ........ ........ 25-22 22-20 20- . ....... -0 23.5. 
9.5 ········ ........ ---·-· -· 25-22 22-21 21- -19 19-0 23. 
Sept.18 .• 24 ········ 25- -22 22-19 19-18 18- -10 10-0 20. 
83 ......... 25-21 21-20 20-19 19-17 17- -8 8-0 19. 5. 
Sept.17 •. 48 ·------- 25-21 21-19 19-18 18-16 18-10 10-5 5-0 Hl.5. 
58 ········ 25-21 21-19 19-18 18-16 16-10 10-0 ....... 18. (Shl\ft ma! be considere 
colored through• 
out its length.) 
Sept. ls .. 72 25-24 2'-21 21-19 19-17 17-15 15-D 9-0 ·· ···- 18. 
Sept. llL 96 25-23 23-19 19-18 18-16 16-14 1(-12 12-0 ------ 17. (Streaks of blue 11poil the 
purity of color.) 
lM 25-23 23-20 20-18 18-l.6 16-10 10- -0 ·-·-·· 
Sept. 20 .• 120 25-23 23-19 19-18 18-15 15-13 13- -0 ........ 16. 5 • 
Sept. 21.. 1« 25-23 23-19 19-17 17-15 15-14 1(-10 10-0 ·····- 16. 
Sept. 22 .. 168 25-22 22-18 18-16 16-14 ](-12 12- -0 ...... 15 . 
175 ····-··· ······- · . ......... ..... ... ····· ·-· ····- ··· ........ ........ 15. 
TABLE 16.-Suoc~sive-di8tributions of temperature. 
Time. No. d 620 Time. No. d 620 
------. 
" 0 h 0 10. •••••• ••••••.••••••••• 35 0 1360 178 58 .•••.•••••••••••••••••• 35 24. 2141 260 
10 .•••••• ••••••••••••·••· 35 12 1470 191 96 .• . •• •••••••••••••••••• 35 0 1243 164 
10 .•••••• •••••• .•••••.••• 35 24 2053 253 96 .• •.• ••• •••• ••••••••••. 35 12 1439 187 
34 •••••••••••••••••••.••• 35 0 1284 170 96 . •••••••• ••••••••••••• . 35 24 2009 247 
34 . .•••••••••••••••••.••. 35 12 1533 197 145 .•••••.••••..••. •••••· 35 0 1277 170 
34 •.••• ••••••••••••••.••. 35 24 1975 245 145 .••••••••••••••.•••••• 35 12 1506 104 
58. ·············•········ 35 0 1243 160 145 •••••••••••••••••••••• 35 24 2113 258 
68 ..•..••.•••••••••.•.... 35 12 1455 190 
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TABLE 17.-Distribution of f(Y(J1_pera :ure-mea11 1:allfes. 
~=: ::::::: :: :::: :: : : : : : : : : : : : : : : : : : : : : : : ::: . : : : : : : I --- -I -- -I - I O I 5 10 1.i 1 169 175 180 I 202 / 





Date. h Gray. Ligl.Jt- Cl oa r- Purple. Brown. Yellow. / Color!,., blue. blue. 
d t d t d t --~ / ___ t __ 
d t --~./ ... ~-- --~- ---~--Sept.15, 1885 .•••••. 0 ---- -----· ---· ----- · ... .. ------ - ---· ------
2. 7 24 280 :::: .-.-::.-.- ::::1::::~~ - .... . ......... ... -----· ---- ----- -
5.5 ---· ·----- ---· ------ 24 270 23 260 
8. 2 23 205 20 232 ----·- ....... .......... -- -· ------ ---· ...... ------ ---· ........... 
9. 5 ---- ----- - ... 23 260 21 240 ...... ............ 20 232 19 
225 ......... 
u 24 270 ... -----· !!0 232 19 225 --·· ----- ---- ------ 10 
185 
Sept. 16, 1885 .. •• ••. 33 23 260 21 240 19 229 18 219 ---- ·----- ---· --·-- - 8 178 
Sept. 17, 1885 ....... 48 23 260 20 232 18 225 17 214 14 200 7 177 5 
172 
58 23 260 20 232 18 220 17 214 14 200 5 172 0 
108 
Sept. 18, 1885 . . . ... . 72 22 250 20 232 17 216 17 214 12 191 5 172 ---- -----· 
Sept. 19, 1885 .. _._ •.. 96 21 240 19 225 17 214 15 204 13 195 6 173 --- · -----· 
104 21 240 19 225 17 214 13 195 ·----- . ..... ·-·--· 
Sept. 20, 1885 ...••.. 120 21 240 18 219 16 211 14 200 :::r:J::~: 
Sept. !!1, 1885 ....... 144 21 240 18 219 16 209 :: :: 'l"' .. · . . '.~. :::y::: Sept. 22, 1885 ..•.•.. 168 20 230 17 214 15 204 
175 ---- ---·-· ---- ·----· 15 I 202 ... . ······ .... ······1····1· ·····1···· -----· 
' ' 
In the accompanying figure (Fig. 9) the temperature at the center 
o_f figure of the clear blue band is graphically represented in its varia-
tion with time. The diagram contains both present and early obser-
30,_-t-------1--------i-------1-------+-
o .Prsson# ()Os 'tdionB. 
+ .Ear~ · o"bt.·e aw.J71$. 
,f!,5'4-ft---r----+------1-------+-------t--
.I/JO. 
Frn. 9. Temperature of the mean "clear blue" film, regarded as a fnnction of ti.me. 
vations, tlie former being distinguished by small circles, tbe latter b~ 
cro se · Table 18, moreover, would enable us to construct imilar 10 1 
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for the zones gTay, light blue, purpl , brown, yellow, colorless. But 
the data for these colors are neither so complete nor so accurate; they 
show like contours with the clear-blue curve, and differ from it chiefly 
in position. They are omitted to avoid confusion in the diagram. 
The discrepancy between the present and former loci clear blue is 
nowhere larger than 100. In consideration of the large sources of error 
and u:ncertainty involved in color measurements, this accordance is 
obviously satisfactory. We obtain a thorough corroboratio.1 of the 
earlier resu·lt, viz, that the conditions under which any given color is 
reached in normal atmospheric air depend both on the time and on the 
temperature of exposure in such a way that the influence of time more 
and more nearly vanishes in proportion as the exposure is indefinitely 
prolonged. Ultimately, therefore, the color datum is a function of tem-
perature only. . 
When the (hot) shaft is allowed to cool after the ordinary circumstances 
of exposure, we find that after 6 hours of cooling it is just warm to the 
touch. We infer, conversely, that the thermal condition must neces-
sarily become stationary within the first 10 hours of heating. Now, 
the upward movement of the color zones on the shaft is still marked 
after 200 hours, and hence cannot be seriously distorted by irregulari-
ties of heating at the inception of the experiment. 
We may remark that when spread over large areas of planed wrought 
iron the oxide coloration is apparently less brilliant than when com-
prehended between isothermals lying very closely together. Probably 
streaks of color due to irregularities in the surface (unpolished) interfere 
with the purity of the tints. Hence the use of thinner cylindrical rods 
which the colors, as a whole, would encircle like a narrow girdle may 
be quite as good a method of experiment as the present: for tempera-
ture may be interpolated with accuracy for observations made at points 
of the rod on both sides of the girdle. Such rods should be of steel 
and well polished. 
Data .for low temperature.-Tables 19, 20, 21, and 22 are constructed 
~ 11 the same plan as Tables 15, 16, 17, and 18, and differ from them only 
In that the results given hold for lower ranges of temperature. The 
tables follow. Depths are expressed in centimeters, time in hours, 
temperatures in degrees centigrade. 
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TABLE 19.-Consecutive positions of the cowr bands. -
Date. h Blue. Purpl e. Brown 
Straw- Li{f,ht- Color- Remarks, 
· yellow. ye ow. }t,88, 
------------
. ......... ............ . Experiment started-
Color scarceiy perceptible. Sept. 26, 1885 ..... 0 ........ . ............ . ........... . ......... 
Sept. 27, 1885 ...•. 23 .......... . ------- ......... . -------· 25-22 22-0 21-0 
Sept. 28, 1885 ...•. 48 -······ . --··-·- . --- -- -- . -------· 25-21 25-21 21-0 Color still very faint. 
Sept. 30, 1885 ..••. 87 ............. ......... ........... . -------· 
Oct. 2, 1885 .•.•••. 137 ........ . ...... .... 25-22 22-~0 
20-14 14-0 
Oct. a, 1885 . . ...•. 161 ........... . .......... 25-23 23-19 19-12 
12-0 
Oct. 6, 1885 • ... ••. 233 ........... 25-24 24-22 22-19 
19-12 12-0 
Oct. 7, 1885 ....•.. 257 ............ 25-23 . .......... 23-19 19-14 
14-0 
Oct. 8, 1885 ..••.•• 280 -------- 25-23 23-21 21-19 19-14 14-0 
Oct. 9, 1885 ....••• 305 -------- 25-22 ------·· 22-18 18-14 
14-0 
Oct. 10, 1885 .••••• 334 .......... 25-22 22-20 20-17 17-12 
12-0 
Oct. 11, 1885 ..••.• 353 ............ 25-22 22-20 20-18 
18-14 U-0 
Oct. 13, 1885 ..•..• 401 25-24 25-22 22-20 20.:.17 
17-13 13-0 
Oct. 14, 1885 .•••.• 425 25-24 25-22 22-19 19-17 
17-13 13-0 
Oct. 16, 1885 . ..... 478 25-24 25-22 22-19 19-17 
17-13 13-0 
Oct.17, 1885 .•...• 498 25-24 24-21 21-19 19-17 
17-12 12-0 
Oct. 20, 1885 .••.•. 568 25-24 24-22 22-19 19-16 
16-12 12-0 
Oct. 22, 1885 .••••. 616 25-24 24-22 22-19 19-16 
16-12 12-0 
Oct. 23, 1885 .•••.. 644 25-24 24-21 21-18 1&-15 
15-12 12-0 
Oct. 25, 1885 ----- 688 25-24 24-22 22-18 18-16 16-12 
12-0 
Oct. 26, 1885 ...••. 711 25-24 24-22 22-19 19-17 
17-12 12-0 
Oct. 29, 1885 ...••. 789 25-24 24-22 21-19 19-16 
16-12 12-0 
Nov.2,1885 .•.•.. 887 25-24 24-22 22-18 18-15 
15-12 12-0 
890 ............ ------- ........... ------- . ............ ......... Gas out. 
890 25-23 23-21 21-19 19-17 17-14 
14-0 of the 
890 25-24 
13-0 
} R,m,.;ninJ ,..., 
24-22 22-19 19-18 18-13 cold shat.a 
890 25-23 23-20 20-18 18-16 16-11 
11-0 
a The thick asbestus screen surrounding the sh11.ft covers the pa.rt between 25.0 and 24.5. Thi• part 
is faintly discolored as a consequence. 
TABLE 20.-Successive distributions of temperature. 
Time. No. e20 
h 
23 ·••••••·••··•••••·•···· 35 
23 ··•••••·•••••··••·••·•· .••... 
23 ·•••••••••••• ••••••••· · ·••••· 
48 •.••••••••••• ·•••••·••· 35 
48 ............................ . 
48 •··•···•••···••··••·••· ·••••· 
87 ··••·••••••·•·•····•••· 35 
87 •·••··••••••••••••••••· ·••·•• 
ffl ••••••••••••••••••••••••••••• 
137 ·•••·••·••••·•••·•·••· 35 
137 ..................... . ·•••·· 
137 ···········--········· .••••. 
185.. •.••• .•• . . . • • • . ••• . • 35 
185 .•••..•••••••••• -·-·· •••••• 


















0 111 280 ..................... 
12 )24, 280 ·· ·•·••·••· ·••· •••••· 
24 154 280 ··•·•••·••••••••••••· 
0 114 385 ..................... 
12 126 385 .........•....•...... 
24 162 385 ••••••••••••••••••••• 
0 113 575 ··••• ·•••••·••••••••• 
12 126 575 •.•••.••. •••••••••••• 
24 160 575 ..................... 
0 110 715 ..................... 
12 125 715 ••••••••••••••••.•••• 
24 157 715 ..................... 
0 115 89() ..................... 
12 126 89() •..•...•••••••••••••• 
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TABLE 21.-Distribution of temperatur -mean va.lues. 
d: .. , ................... ........................ ............... · I O I 5 -1 ~115120 I ~ 
1:...... .................... • • .. .. .. .. . . . • .. . . • .. • • . .. .. . • . .. • .. 1100 113° 1190 129° 14.1° 154° 
TABLE 22.-Average temperatiires of tke successive color bands. 
Illue. Purple. Brown. I 
Straw- Lip:ht- Colorless. yellow. yellow. 
Dste. h. 
d. t. d. t. d. t. d. t. d. t. d. t. 
--
Sept. 26, 1885 ....... ............ 0 800 ..... 280 ··-· 260 ..... 240 · --· 220 ..... 200 --· · 
Sept. 27, 1885 ................... 23 -----· ..... -----· .... ------ ..... ------ ---- ------ 22 149 ..... 
Sept. 28, 1885 ................... 48 ···-·· ---- ------ . -- . ------ ---- ......... 23 154 21 115 .... 
Sept. 30, 1885 ................... 87 ------ ---- ------ ---- --- --- ---- ........... 23 154 21 145 ----
Oot.2,1885 ..................... 137 ------ .... ------ 24 157 21 145 17 134 14 120 ·--· 
Oct.3,1885 ..................... 161 ....... ..... ......... 24 155 21 145 16 130 12 123 ...... 
Oct. 6, 1885 ............. _ ••.•••. 233 ---- ........ 24 160 23 153 21 144 16 134 12 123 
Oct. 7, 1885 ..•••••••••••.••..••. 257 ------ 24 157 ..... ------ 21 145 16 134 14 i26 ..... 
Oct.8,1885 ..................... 280 ..... ........ 24 157 22 149 20 144 16 134 14 126 
Oct.9,1885 ..................... 305 ..... ....... 24 155 ---· ........ 20 144 16 132 14 120 
Oct.10, 1885 .................... 334 .... ......... 24 155 21 146 19 137 15 128 12 123 
Oct.11,1885 ......•••••••••••••. 353 ---- ------ 24 155 21 146 19 140 16 132 14 126 
Oct, 13, 1885 .................... 401 24 lfiO 23 154- 21 140 19 137 15 129 13 125 
Oct. 14, 1885 .................... 425 24 160 23 154 20 144 18 136 15 129 13 125 
Oct.16, 1885 ................... _ 478 24 160 23 154 20 144 18 136 15 129 13 125 
Oct. I 7, 1885 .................... 498 24 160 22 151 20 143 18 136 14 127 12 123 
Oct. 20, 1885 ........ _ ~ ... _ ...... 568 24 160 23 154 20 144 18 135 14 126 12 123 
Oct. 22, 1885 .................... 616 24 160 23 154 20 144 17 135 14 126. 12 123 
Oct. 23, 1885 ............... 644 24 160 23 154 20 143 16 134 13 126 12 123 
Oct. 25, 1885 •••••••• _ ••••••• : : : : «188 24 160 23 154 20 143 17 134 14 126 12 123 
Oct. 26, 1885 .................. _. 711 24 160 23 154 20 144 18 136 14 127 12 123 
Oct. 29, 18e5 ............... _ •••• 789 24 160 23 154 20 i43 17 134 14 126 12 123 
Nov. 2, 1885 ................... . 887 24 160 23 154 20 143 17 134 14 126 12 123 
-
An inspection of the loci of the data given in Tables 19 to 22, where 
for stated colors mean temperature is expressed in function of time, 
shows this: In most cases only such parts of the respective curves as 
are almost indistinguishable from the asymptotes have been observed. 
In the earlier Bulletin,1 and in the :first parts of the present paper, evi-
dence was a,dduced to prove that the influence of temperature to pro-
duce color bands, the order of which increases con-tin uously with time, is 
particularly marked during the first 100 hours of exposure and is very 
nearly complete within 200 hours. In Tables 19 to 22 the blue purple 
bands did not rise observably above the horizontal screen until more than 
200 hours h~d elapsed after the beginning of the experiment. These 
bands, moreover, extend upward not more than 2cm above the base of 
the shaft. At points so near the bottom the fluctuations in the intensity 
of flame are not yet either obliterated or rounded. It is therefore pos-
1 U.S. Geol. Surv. Bull. 27, p. 51. 
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sible that during the night hours, or at other times when mea arernents 
were not made, these parts may have temporarily shown temperatures 
appreciably above the mean values of the set of ten series of measure-
ments in hand. Hence the dark bands may owe their origin to tempera-
tures above the exceptionally low values given in the tables. Finally, 
at points near the base and (hot) screen, oxidation is probably acceler-
ated because the oxidizing air impinges at a temperature necessarily 
higher than is that of the air near the upper parts of the shaft. This, 
therefore, is a second cause for the unusually low temperatures at which 
dark zones have here been obtained. 
Remarks of a similar kind apply in a measure to the dark yellows-
brown and straw-yellow. The colors did not emerge above the screen, 
and hence observation was not feasible until 100 hours after the begin-
ning of the experiment. The lines obtained are practically asymptotes ; 
the temperatures are too low. 
The present set of measurements is therefore interesting chiefly -be-
cause of the values obtained for the oxidation of low temperatures. 
The light yellow and colorless parts of the shaft are so high above the 
base that the objections which hold for dark bands are no longer ap-
plicable. Moreover, the temperature discrepancy in question can only 
give additional weight to the inferences presently to be drawn. It ap-
pears, therefore, that under ordinary atmospheric conditions tempera-
tures falling below 1250 will not perceptibly oxidize iron ( color effect), 
however long their action may be continued. It appears, furthermore, 
that the effect of temperatures near this limit is such that the final tint 
or color of highest order is in any given case reached in a comparatively 
short time; or that it is reached at a stage of progress certainly quite 
as early as that observed for dark bands. Here, then, we observe a 
difference in the temper effect and the color effect of temperatu_re; since 
in the former case (of annealing) the influence of time is particularly 
marked for lower temperatures ( <1000); whereas for higher tempera-
tures (>200°) it is nearly negligible. The result for color phenomena, 
is almost the converse of this, s~nce the time effect here is rather more 
marked, and prolonged through greater intervals, for dark bands than 
for very light bands. Finally we may observe, in a general way, that 
the annealing effect of tbe action of temperature on bard steel is as 
nearly complete in a few hours as is the color effect in a few hundred 
hours-a difference which will probably be crucial. 
The color phenomena in question may be made to appear·in another 
aspect. We may discuss the rate at which for a given temperature the 
thickness of coat varies when exposure is prolonged indefinitely. A 
method of using monochromatic light of wave length i\.. and of deter-
• • i\.. th mmmg the thickness d of film from d=n 4, where n i the order of 
0 
band, is here inapplicable. The band are too broad and diffu ed and th0 
temperature ariation within the fir. t band is of considerable iroportanc · 
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asbestus may be interposed. A screen, S S, fully 35cm in diameter, 
protects the shaft from direct flame currents. The essential feature 
of this arrangement is the vertical hole c c, 0,5cm in diameter, and ex-
tending to within a few millimeters of the base. Into this we purpose 
to introuuce, momentarily, a properly insulated thermo-couple to de-
termine the thermal distribution throughout the length of the shaft; 
it is generally to be used for the reception of glass-bard steel wire. Be-
tween any given and any known isothermals, therefore, we have on the 
outside of the polished cylindrical surface certain clear color effects. 
Between the same isothermals we have also a definite annealing effect, 
determinable by examining the parts of the steel wires there exposed. 
From a comparison of these data, the temper value of the oxide colors 
is deducible in full generality. ·we may add that under certain circuni-
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stances it may be desirable to invert the cylinder; to introdu he steel 
wires and the elements alternately from below, and to h at he haft in 
some appropriate way at the top. Indeed it appears to u that rods 
bored on the gun-barrel principle would offer very satisfactory objects 
for accurate ·measurements of heat conductivity; for the advantages 
of measuring the (constant) temperature at any point in the interior of 
a narrow vertical cylindrical ·canal, closed above, over measuring the 
corresponding temperature · at the mantle of the rod, are obvious at 
once. 
WASHINGTON-PRAGUE, January, 1886. 
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[Bnll tin ... o. 30.] 
Tho publications of the Un~tecl States G ologi ·al nn ~ nr isimcll iu n con1nnc "ith th stntut 
approved March 3, 1879, which declares that-
" ThepublicationsoftheGoologionl ur,eyshnll con i t f th nnnunl r port ('If operations, g o1o~i ·nl 
ancl economic maps illustrating the resources aDll ola sification of tho lands, and report npon ~eu ral 
and ooonomic geology nnd paleontology. The annual r port of op rat.ion of th Geological urvl'Y 
shall accompany the annual report of the Secretary of the Int l'ior. .A.II pocial memoi1 s a:id r ports 
of said Survey shall be issued in uniform quarto eric if c1 em tl n cc ary by tho Dir .ctor, but other-
wise in ordinary octavos. Three thousand copie of oach shall be publi lied for ·iontific o:xchan~l'B 
and for sale at the price of publication; and all literary an d cartographic mato1 ial rccciv tl in :x han;.:e 
shall be the property of the United States and form a part cf tho library of tho or~anizntion: And the 
money resulting from the sale of such publications shall bo co er d into tho Tron nry of the United 
States." · 
On .July 7, 1882, the following joint resolution, r eferring to all Go,ermnont publications, was pas cd 
by Congress : 
"That whenever any document or r eport shall bo order ed p rinted by Congres , there shall bo printed, 
in addition to the number in each case statecl, the •usua l number' (1,900) of copies for bimling anti 
distribution among those entitled to receive them." 
Except in those cases in which an extra number of any publication has been supplied to tho Sur,·ey 
by special resolution of Congress or has been ordered by tho Secretary of the Interior, this Office has 
oo copies for gratuitous distribution. 
ANNUAL UEPORTS. 
Of the Annual Report~ there have been already published: 
I. First Annual Report to the Hon. Carl Schurz, by Clarence King. 1880. 8°. 79 pp. 1 map.- A 
preliminary re'port describing plan of organization and publications. 
II. Report of the Director of the United States Geological Survey for 1880- '81, by J. W. P owell . 
1882. 8°. lv, 588 pp. 61 pl. 1 map. · 
ID. Third Annual Report of the United States Geological Survey, 1881-'82, by .J. "\Y. Powell. 1883. 
so. xviii, 564 pp. 67 pl. and maps. · 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by .J. W . Powell. 1884. 
80· xxxii, 473 pp. 85 pl. and maps. 
Y. Fifth Annual Report of the United States Geological Survey, 1883-'84, by .J. W. P owell. 1885. 
so. xxxvi, 460 pp. 58 pl. and maps. • 
The Sixth and Seventh Annual Reports are in press. 
MONOGRAPHS. 
Of the Monographs, Nos. II, III, IV, Y, VI, VII, VIII, IX, X, ancl XI are now pu blisbed, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutt.on, Capt. U.S . .A. 
l882. 4°. xiv, 264 pp. 42 pl. :;ind atla.s of 24 sheets folio. Price $10.12. 
III. Geology of tho Comstock Lode and the Washoe District , with ·atlas, b y George F. Becker. 
1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Pri€e $1.50. 
Y. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4° . xvi, 464 pp. 15 1. 
2!> pl. Price $1.85. 
V I . Contributi~ns to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 
1883. 4°. xi, 144 pp. 54 1. 54 pl. Price $1.05. 
:-fL Silver-Lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. 4° . xiii, 200 pp. 16 pl. 
Pnce$1.20. 
VIII. Paleontology of the Eureka Di5tl-ict, by Charles D. Walcott. 1884. 4° . xiii, 298 pp. 241. 
24 pl. Price $1.10. · 
IX. Drachiopocla and Lamollibmnchiata of the Raritan Clays and Greensand Marls of N ew Jersey, 
l,y Tiohurt l'. Whitfield. 1883. 4° . xx, 338 pp. 35 pl. Price $1.15. . • 
X. Dinocnata. .A. Monograph of an E xtinct Order of Gigant ic Mammals, by Othniel Charles Marsh. 
r ;;, 4° . Xl'iii, 243 pp. 56 1. 56 pl. ri ice $2. 70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern N evada, by Israel 
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. Price $1.75. 
ADVERTISEMENT. 
The following is in press, vfa: 
XII. Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. 1886. 40. xxix, 
770 pp. 45 pl. and atlas of 35 sheets folio. 
The following are in preparation, viz: 
I. The Precious Metals, by Clarence King. 
- Gasteropoda of the New Jersey Cretaceous and Eocene Marls, by R. P. Whitfield. 
- Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague. 
- Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, Ly Prof. 0. C. Marsh. 
- Stegosauria,, by Prof: 0. C. Marsh. 
- Brontotheridai, by Prof. 0. C. Marsh. 
- Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 
- The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Roland D. Irving. 
- Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
- Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux. 
- Report on the Denver Coal Basin, by S. F. Emmons. 
- Report on Ten-Mile Minlng District, Colorado, by S. F. Emmons. 
- Report on Silver Cliff Mining District, by S. F. Emmons. 
- Flora of the Dakota Group, by J. S. Newberry. 
BULLETINS. 
The Bulletins of the Survey will contain such papers relating to the general purpose of its work a~ 
do not properly come underthe heads of Annual Reports or Monographs. 
Each of these Bulletins contains but one paper and is complete in itself. They are, however, num· 
bered in a continuous series, and may be united into volumes of convenient size. To facilitate this, 
each Bulletin has two paginations, one proper to itself and another which belongs to it as part of the 
,olume. 
Of this series of Bulletins Nos. 1 to 36 are already published, viz: 
1. O.n Hypersthene-.A.ndesite and on Triclinic Pyroxene in .A.ugitic Rocks, by Whitman Cross, with 
a Geological Sketch of BuffoJo Peaks, Colorado, by S. F. Emmons. 1883. s0 • 42 pp. 2 pl. Price 10 cents. 
2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., b:y 
A..lbert Williams, jr. 18R3. 8°. 8 pp. Price 5 cents. 
3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins County, 
New York, to Bradford County, Pennsylvania, byHenryS. Williams. 1884. 8°. 36 pp. Price 5 cents. 
4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9 pl. Price 5 cents. 
5 . .A. Dictionary of .Altitudes in the United States, compiled by Henry Gannett. 1884. 8°, 325 pp. 
!>rice 20 cents. 
6. Elevations in the Dominion of Canatla, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A. catalogun of geological maps of .America (North and South) , 
1752-1881, by Jules Marcou and John Belknap Marcou. 1884. 8°. 184 pp. Price 10 cents. 
8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R. 
Vau Hise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 
0. Report of work done in the Washington Laboratory during the fiecal year 1883-'84. F. W. Clarke, 
chief chemist; T. M. Chatard, assistant. 1884. 8°. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North .America. Preliminary studies, by Charles D. Walcott. 1884. 
8°. 74 pp. 10 pl. Price 5 cents. 
l 1. On the Quaternary and Recent Mollusca. of the Great Basin; with Descriptions of New Forms, by 
ll. Ellsworth Call; introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. Gil• 
bert. 1884. 8°. 66 pp. 6 pl. · Price 5 cents. 
12 . .A. Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8°. 
34 pp. 3 pl. Price 5 cents. 
13. Boundaries of the United States and of the several States and Territories, by Henry Gannett, 
1885. 8°. 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent 
Strouhal. 1885. 8°. 238 pp. Price 15 cents. 
15. On the Mesozoic and Cenozoic Paleontology of California, by Charles .A.. White. 1885. so. 
33 pp. Price 5 cents. 
16. On the higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. So. 
86 pp. 3 pl. Price 5 cents. 
17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, by .A.mold 
Ilague and Joseph P. -Iddings. 1885. 8°. 44 pp. Price 5 cents. 
18. On Ma1ine Eocene, Frosh-water Miocene, and other Fossil Mollusca of Western North .America, 
by Charles A. White. 1885. so. 26 pp. 3 pl. Price 5 cents. 
19• otcs on the tratigraphy of California, by George F. Becker. 1885. so. 28 pp. Price 5 cents. 
20- Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille-
brand. 1885. S0 • 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Gr nt ion: r s r\'1itio11 1 hy Bnilc Willi. 5. 0 lOpp. 5pl. Pri 
5 cents. 
5pl. l>ri l' 
22. On New Cretaceous l!'ossil from C111iforuir , by 'hal'lct1 A. Whit 18 5. 
0 25pp. 
5 cents. 
2,'l. Observations on th Jun tion b tw • u th11 E1u1t l'll , nllll ton aml th Kow 1•naw S ril•s <Ill 
Keweenaw Point, Lake up rior, by RD. Irvin~ nntl T. C'. hnmb rlin. 1 5. 8°. 124 PP· 17 pl. 
Price 15 cents. 
24. List of Marine Mollusca, ompri iug th u krn, ry fo sils und rocont. forms from Am1•ricn11 
localities between Cape Hatt ras nnd Capo Poqn , iurhuliu~ th B rmndas, b) ' illiam 1 L D:\11. 1 5. 
8°. 336 pp. Price 25 cents. 
25. The Present Technica l Condition oft h , t1•1,1 l ntlustry oft h nitocl 'tat , l,y l>hintns 13:lrnos. 
1885. 8°. 85 pp. Price 10 c nts. 
26. Copper Smelting, by IIenry M . .IIow . 18 5. 8°. 107 pp. Price 10 cents. 
27. Report of work clone in the division of' Ch mistry nml l'hy ics, mainly clnrin~ th fiscal Y ar 
1884-'85. 1886. s0 • 80 pp. Price 10 cents. 
28. The Gabbros and Associated Hornblende Rocks occurriu:,t in th n i~hborhood of Baltimorl', Md., 
by George H. Williams. 1886. so. 78 pp. 4 pl. Prico 10 cents. 
29. On the Fresh-water Invertebrates of the North Amt•ricnn Jura sic, by Charl s A. White. 1886. 
8°. 41 pp. 4 pl. Plice 5 cents. 
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SUBSIDENCE OF FINE SOLID PARTICLES IN LIQUIDS. 
By 0.A.RL BARUS. 
CHAPTER I. 
GENERAL RELATIONS OF THE PHENOMENON OF SUBSIDENCE .. 
INTRODUCTORY. 
The remarks in this paper were suggested by Prof. W. H. Brewer's· 
memoir on sedimentation, to a condensed account of which I had the 
honor of listening at the New Haven meeting of the National Academy 
of Sciences, November, 1883. 
It is my endeavor in Chapter I to analyze the phenomenon of sub-
sidence into parts such that the comlitions under which subsidence is . 
to be explained from a chemical or from a physical point of view 
may be better discernible. As an attempt is made to cover as much 
ground as possible, the chapter is largely qualitative in character. 
With these data in hand I then begin the quaniitative study of but 
one of the more important features of subsidence. The results of this 
work are given in Chapter II. 
I may add that the present interruption of the work, at a very in- : 
teresting stage of progress, is unavoidable. Whether or not the work 
will be resumed at an early day, I cannot tell; I have therefore carried 
it as far as I can without special apparatus for very constant tempera-
tures. Without these facilities the nice 'discrimination .between the-
arbitrary thermal effects ( convection, viscosity) and what I believe is 
an important subsidence phenomenon (stratification), is not satisfac-
torily feasible. 
If thoroughly triturated insoluble material (clay, rock) is shaken. 
up with distilled water and then allowed to subside, the solid particles 
will descend gradually and at a rate depending on their respective de-
grees of comminution. Particles may readily be obtained so fine that 
their rate of subsidence is practically infinite. These, therefore, remain 
suspended in the water indefinitely, giving rise to permanent opalescent. 
(515) 11 
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turbidity. 1 In endeavoring to account for this occurrence some of the 
gentlemen pre~ent at the meeting were inclined to refer it to a case of 
hydration. The ultimate particles are supposed. to combine wi.th water, 
forming colloidal hydrates in a way analogous to the known behavior of 
silica. I accepted this hypothesi~ in the above simple form with gr, at 
heAitation. It is, I believe, without direct proof, and probably does Hot 
,admit of it; and my original purpose in writing this paper was so to ex-
hibit the phenomena that I could dispense with the auxiliary chemical 
:assumption. When viewed in the light given by the details of physical 
,experiment the hypothesis is also incomplete. It does not even account 
for the observed suspension, inasmuch as it gives no sufficient reason 
why hydrated particles should be more readily suspended than particles 
which are not so affected. At least, if we regard the rate of descent as 
a function of the dimensions of tlie subsidin~ particles, then the chem-
ical view assumes that the very fine particles descend under conditions 
,essentially different from the coarser ones-a complication for which I 
,saw no real necessity. Dust is suspended permanently in air nuder 
circumstances where hydration is impossible. Furthermore, what is 
the effect of hydration upon the particles 1 Are they disintegrated into 
molecules1-then the liquid should not be turbid, but clear. Or is the 
-efi'ect merely superficiaU-then fine and coarse particles present sur-
faces of like nature to the liquid in which they are suspended: their rate 
of descent, varying solely with the frictional resistance in their progress 
through the given liquid, must be expressible by a general and purely 
physical law in terms of their dimensions, figure, and density. From 
this law, moreover, must the effects to be anticipated be deducible when 
the particles are so small as to be comparable in size with the molecules 
of the liquid. 
The application of this good working h_vpothesis showed, contrary to 
my expectations, that any theory which is based exclusively on phys-
foal causes is untenable.2 If, in the case of gases, internal friction is 
a kinetic phenomenon, it is certainly no longer wholly so in the case 
,of liquids. It appears from my results, I think, that the chemical rela,-
tion of the suspended solid to the liquid very materially influences the 
frictional resistance encountered by the particles. For given pairs of 
-solid and liquid, however, this effect remains constant; it is thus seen 
that the auxiliary supposition of a ~hemical influence is neither essential 
to the physical explanations to be attempted nor incompatible with 
them, and that the whole discussion may be expediently subdivided into 
physical and chemical parts . 
. 
1 Professor Brewe; found -t-ha_t_e_v_e_n_ a_f-te-r- five ~r six years this turbidity still c n--
tm_ued: In studying these phenomena quantitatively particles of some convenieo: 
:fimte size must of course be dealt with, I shall use the term "descend" throughout. 
A particle which is "stationary" has an infinite rate of descent. 
2 
Hydration or similar action might have been assumed as an immediate datum of 
the theory of mas -action. . 
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i\hen a liquid i · for· d tluou ·h ·apilh,ry tub 
adhere to the wall f t lrn t n l,t-~, H 11tl th • · · · · 
between the layer of · · · · 
word the ,i co i ty of 
tional to the tim e i 
ob en-ell in vari :ra 
But the rate of cent · iY 
in liqniu bear no obYiou a 
liquid' . At least, 'O far b 
where unu nally large ranges o · 
a~oidable result. Iu the earlier I 
thi rea on often be ternporar-ily co 
ca e of subsidence the solid parti 
liquid; that it is not urrounded • , • ' 
way to necessitate a descent of solid particle an 
sy tem.1 
It may ;:;till be added that the comminut d mat rial i' u 
troduced into the liquid in such a quantity tlrnt tb · • rti ·l 
de ceBt would interfere with one ~motlier. All r mark , th 
a it were to dilute mixtures. 
Mr. Durham2 was the first to make experiment on th ph 11 m n n 
of suspension, and our knowledge of the effect of precipitant " i lar ll. 
due to him. Similar experiments were made at about th am tim b 
Bunt.3 To Professor Brewer's paper reference ha b u ma 1 . I am 
aware that Prof. 0. R. Stuntz, of Cincinnati, ha med similar e. ·pel'i-
ments. But the general trend of the researcbe' of the o- ntl m •n i' 
not such, I believe, as to be intersected by my work. ~I ·thank , , r 
due to Prof. l\'1. 0. White, of New Haven, by who e large exp 
microscopic research I have profited. 
GENERAL INFERENCES. 
Analogies.-The problem immediately suggests an inquiry into the 
general cause for the suspension of finely comrninuted materia 1. If a 
~olid particle is so small that the force of the efficient gra,ity-compo-
nent acting upon it is less than the frictional resistance which wonl<l 
be encountered during a downward motion through the molecule ' of 
the liquid, then the particle must remain fixed in position relatiYe to 
the walls of the liquid which inclose it. The degree of comminution 
llecessary for apparent suspension is readily obtainable, even in the 
1 In the cases both of gases and of liquids the friction ( external) of• the fluid on the 
~olid is enormously large in comparison with the friction (internal) of the fluid on 
itself. The external friction of gases is measurable only when the gas is in a state 
of great tenuity. (Kundt and Warburg, Pogg. Ann., CLV, pp. _337 and 525, 1875.) 
~uccessful experiments on the external friction of liquids were made by Helmholtz. 
and Piotrowski. (Wiener Sitzungsber., XL, p. 607, 1860.) 
2 Durham, Chem. News, XXX, p. 57, 1874; ibid., XXXVII, pp. 47, 48, 1878. 
3 Hunt, Proc. Bost. Soc. Nat. Hist., p. 302, Feb., 1874. 
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-0ase of gases. Maxwell,1 using Stokes's formulm and his own value for 
the viscosity of air, shows that a drop of water whose diameter (0.0025 
cm.) is abo'ut one-half that of a human hair would descend in air one 
thousand times rarer than itself at a rate of only 2 cm. per second. 
The rate of descent of particles of like figure and density -varies as the 
square of their linear dimensions. It follows that if we <lirni11h,;h the 
diameter of the particle a hundred fold we diminish its rate of descent 
ten thousand fold; hence a drop the dimensions of wl.iich lie 11 tt1r 
the limit of microscopic vision2 (say, 0.0000:!5 cm.) i:-.; practically ~:;1-
tionary, its rate being 0.0002 cm. per second. 
Returning from this digression to water, which is comparatively so 
much more viscous than air, we :fin~l the conditions for suspension pro-
portionately favorable. We reasonably infer that the dimensions of the 
particle_ which will just descend are correspondingly increased. We 
conclude that the suspension of solid dust in a fluid is to be referrell 
to the occurrence of molecular friction. 
The physical variables.-Problems connected with the motion of solids 
in an incompressible fluid frequently present formidable difficulties or 
lead to involved results. But for the comparatively simple case inhand--
i. e., the conditions of uniform motion of a small spherule of radius R 
falling through a liquid by its own weight-the final result is fortu-
nately simple. Let P be the resistance encountered by a spherule mov-
ing through a liquid whose frictional constant is k at a, given rate x. 
Then3 
P=6nkRx. (1) 
on the other hand, the effective part of the force of gravity is expressible 
by 
P'=4:r R3 (p-p') g . . . • . (2) 
where P' is the actuating force, g the acceleration of gravity, and p and 
p' the densities of the solid particle and the liquid, respectively. Under 
conditions of uniform motion P = P', and hence 
2 
X = 9kW(p-p')g= AR2 • • • . . (3) 
where A is a constant. 
If there be no chemical relation betw:een the solid and the liquid, then 
the constants in equation (3), or values proportfonal to them, are all ex-
perimentally determinable. The equation yields the mean -value of R. 
If, however, tp.e liquid acts chemically on the suspended solid (as would 
1 Theory of Heat. (Appleton & Co., 1 83, pp. 299, 300.) 
• 
2 The~retically, according to Helmholtz, :n,ho cm. and TI¼Flf cm. for the ordinary and 
imm~rsio~ systems,• respectively. The limit of visibility, as experimentally fou nd h.r 
Harting, is ~:rhir cm., and by Dippel, ~ cm. On the other hand, strong colonn • 
matter ~ay be diluted as much as 100,000,000 times (l\foschenbrreck, Acbard Hon-
m:n~) without fading beyond recognition . . 
Krrchhoff (Math. Physik, p. 381, Leipzig, 1876) deduces this equation. 
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be tlie case, for instance, in hydration), then equation (3) 1s but a single 
relation for three unknown quantities, k, R, p. We may add that the 
relation between R, p, and mass of particle, lea<ls us no further, since 
we know nothing of the change of mass involved. 
Here, I think, we strike the keynote of one of the main difficulties 
which these phenomena prese11t. Our assurance that the particle is 
not in some way acted on by the liquid is ne,7 er perfect, nor have we 
to guide us any clew as to the effect of "mass-action," the amount of 
superficial change, or the depth of penetration pf wa ter, for instance. 
Water shows a striking selective power in discriminating between de-
grees of comminution. At ordinary temperatures the particles remain 
granular. The impression received in the case of subsidence in ether 
is almost that of particles falling in vacuo ; barring flotation, small 
and large particles seem to fall equally fast; the precipitate is floccu-
lent. Let water and ether be mixed, so that there shall be equal bulks 
of etherized water below and aqueous ether above, and then let the 
dust be added. If now ,this -mixture is viqlently shaken and there-
upon allowed to subside, the ether is washed clean of particles in a few 
minutes, whereas the sediment remains suspended in the. water for 
weeks or even months. Another experiment, very nearly the converse 
of this, may be added. If a turbid solution of shellac in alcohol be 
shaken with naphtha, the opaque material is washed out, gradually 
ascending to float in the naphtha on the shellac. Subsidence then 
takes place in the naphtha. Eventually the two liquids (naphtha above 
and the clear alcoholic solution of shellac below) are separated by a 
layer of compacted sediment. 
Whatever the surface change may be, it necessarily becomes more and 
more effective in proportion as the particle decreases in size. That the 
radius of manyparticlesissmallerthan the depth of surface penetration is 
quite probable. And hence, in equation (3), p and R must be regarded 
as variable-the former very largely so; whereas k:may a priori be as-
sumed as constant.1 When liquids are forced through capillary tubes 
none of these difficulties are encountered, and hence their observed 
friction is the true viscosity of the transpiring liquid. 
STR.A.TIFIC.A.'l'ION. 
Analogies.-lf very finely O(>IDminuted material be suspended in dis-
tilled water, the subsidence usually takes · place in such a way that 
while the very slow descent of particles is in progress the liquid pre-
sents a stratified appearance. A single surface or plane of demarkation 
is readily observable, or indeed a number of planes, oftentimes sharply 
1 Unfortunately mere variation of p / and R in plausible amounts for constant k does 
not satisfactorily account for the observed enormous changes of rate. An attempt 
to reconcile this discrepancy is made in the sequel. It is difficult to retain a fixed 
-value of k throughout. If the viscosity of water is studiecl with particles of graded 
ize the large corpuscles may exhibit distinct relations to the viscosity of the liquid, 
uch as gradually vanish when we approach the extremely fine particles. 
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defined. This phenomenon is quite puzzling. .At first sight we call 
to mind that air render~d densely turbid by suspended particles of 
water behaves practically like a distinct liquid, possessing determi-
nate hydrostatic properties. A heavy fog wm fall through pure air 
and subside in the valleys. Fogs of less specific gravity than air rise 
as clouds. Hence it would appear that in the case of subsidence of 
solid particles in liquids cognizance must be taken of two kinds of mo-
tion: a gradual descent of the whole mass of particl~s in virtue of 
gravity in the first place and a rearrangement of the various parts of 
the liquid in a way oonsistent with their respective specific gravities in 
the second. It follows that, to allow the second process or redistribu-
tion to come fully into effect, the rate of subsidence must be sufficiently 
small. Now, the experiments given below (p. 27) seem to show that 
this is often the case. If, for instance, we so adjust the consistency 
of the liquids in a number of sedimentation glasses that the rate of 
subsidence increases from tube to tube in some regular order-a con-
dition of things which we may easily effec.t in a way to be indicated 
in the next paragraph - ~e shall find that surfaces are obtainaule only 
when the rate of subsidence falls below a certain value. After this the 
liquid clari.fjes in such a manner that surfaces of demarkation are no-
where· visible, passing from opaque turbidity through translucency to 
clearness sooner at the top than at the bottom of the tube. 
Descriptive equation.-Tbe serious objection to this plausible view is 
that it presupposes a degree of imperfect mixture of the parts of the 
turbid liquid which at the outset of the actual experiment is hardly met 
with.1 Indeed I believe that the occurrence of sharply defined sur-
faces singly is rather to be regarded as the result of accident, for the 
particles with which our experiments are most usually conducted ( clayey 
material, tripoli) have already undergone subsidence in nature. They 
have passed through a selective process which has thrown particles of 
like rates of subsidence together. ThP-se particles need not be of a size ; 
but their figures, dimensions, densities must be such as in each case to 
correspond to the observed rate. I will suppose, therefore, that in a 
general case of triturated material the particles vary in size from a 
very small to a relatively large value, but that Uy far the greater num-
ber approach a certain mean figure and dimension. 
There js a distributive equation of frequent occurrence in matlrnrnat-
ical physics which contains a characteristic maximum. In the kinetic 
theory of gases it expresses Maxwell's well known law, and may then 
be reduced to the very elegant form 
4 ,2 -a;2 
y = ..;;; x e 
where Y i the probability of occurrence of the molecular velocity, x, ex· 
pres ed in terms of the most probable velocity. This law of distribu• 
1 Seep. 20. 
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tion may advantageously be adopted here, granting of course that the 
selection made is wholly empiric. I therefore postulate 
4 -2 2 y = -:,- ;,.,-e-z • 
. v rr: 
. ( 4) 
where y is the probability of the rate of 'ubsidence x expressed in term 
of the most probable rate. Hence ydx denotes the number of particle&, 
relative to the total number, whose velocity in terms of the unit 1 speci• 
fled lies between x and x + dx. The maximum of equation ( 4) is well 
adapted to must.rate the consequences of subsidence, when the par-
ticles vary in size as much as in an ordinary case of trituration. 
Suppose the turbid liquid characterized by the function y to be in-
closed between vertical parallel plates, then the degree of opacity ob• 
served on looking through the trough in the direction of a normally 
impinging beam of light is due partially to absorption and partially to 
diffuse reflection at the surfaces of the particles. .A.s regards their ef. 
feet on the transmitted beam, these two phenomena are here not essen-
tially dissimilar and may be described by a common equation. I assume 
therefore the law of absorption 
(5) 
where i 0 is the original intensity, i the reduced intensity of transmitted 
light in consequence of the thickness of turbid liquid l), through which 
the beam has passed. e-0 is th~ coefficient of absorption, with the un-
derstanding that O is to refer both to the phenomena of absorption and 
of reflection; or, perhaps more logically, that i be the sum of two ex-
pressious each of which has the character of .. (5), one however referring 
to absorption and the other to diffuse reflection. 
The signification of this constant is.very clear in the differential equa-
tion 
di = - Oiod-tJ, 
and the problem now reduces to a ·consideration of the variation of 0 
consequent upon a change in the number and position of the suspended 
particles. Moreover, since Ovaries from·zero to infinity as the 'liquid 
passes continuously from clear to op·aque, the constant O may conven-
iently be termed the opacity of the turbid liquid~ · 
The degree of opacity, dO, which ydx particles add to the 'liquid is 
dependent on 
. . . (6) 
where R is the radius of the particle whose rate of subsidence is x, and 
c' and care constants. In the expressions (6), c' and its coefficient refer 
1 If the unit of time be 1 s. then the unit of length involved is the distance passed 
over, per second, by the particle whose velocity is the most probable velocity. These 
units give compactness to Maxwell's equation. To secure similar facility of ex-
pression rates of subsidence and not radii of particles are distributed. 
(521) 
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solely to light absorbed, c and its coefficient to light reflected; 1 but it 
is a fact of observation that all the phenomena under consideration ap-
pear with equal clearness when the particles illuminated by a vertical 
beam of light are viewed in a horizontal direction. Hence the first of 
the terms within the parenthesis is made negligible i~ comparison with 
the second. It follows, in view of p.quations (3) and (4), that the total 
opacity at the inception of the experiment is 
O, = 16~-,f ,i: 1:r e-<'d:c = Bcj,i . . . . . . (7) 
From the elementary equations the opacity O apparent at a depth d 
after a time t dated from the moment at which sedimentation com-
menced is deducible. In view of the simplifying condition of uniformity 
of motion, the particle, whose rate is x = ~ ( expressed in terms of tlie 
unit above), will just have passed through the section. Hence the 
residual opacity is 
8cv1t · e -1" 0 = ~
0 
x3 e-"'2 dx • • (8) 
an integrable form readily reduced to 
Fxs.1.-Relation of opacity to time of subsidence at different depths. 
A clear view of the character of O is exhibited in Fig. 1, which con-
tains the second factor of the second member of equation (9), time (t) 
as abscit5sa, relative opacity O as ordin~te. 
Oo 
The function Oas given by equation (9), taken conjointly with equa-
tion (5), reproduces the march of the actual phenomenon pretty well, so 
long as very slow rates uf descent and particles very nearly alike in 
size are excluded. The plane of demarkation has more fully vani hed 
in proportion as the depth at which an observation is made is greater. 
An inspection of equation (9), moreo er, shows that if, in place of Y 
we had selected a function containing a more striking and abrupt max-
. 
1 Th optical properties of a beam of light reflected from particle small in compar-
1 on with the wave length of light are di cu ed by Stokes (Phil. Trans., p. 530, 1 -2). 
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imum1, the function O would l> ch r t rizeJ. by te p <lecli vi ty through· 
out greater depths or that th pl n of demarkation would be mor per-
sistent. The reverse _of thi tak plac wb r y i replaced by a func-
tion of flat maximum. Hut th importaut d duction i thi , that if 
the rate of all particle is incr a d in like ratio the character of the 
phenomenon will not l,e chang d. 
1 
Effect of density2 of 'lnixture.-'When th particle nuder experim ot 
( are practically identical in size and ce dingl small, a second phe-
li nomenou baying an immediate bearing ou clearness of stratification 
ma:v be u.iscerued. Indeed thi new fact seem to bow that for the cir-
cu~stances under cou.sidera.tiou, at lea t, it i 11ot permissible to treat 
the particled individua.l iy; that au a ualy i based upon the conditions 
1 of motion of descending iutegraut systems of particles alone leads to 
the observed results. fo other words, in addition to the size of the 
particles themselves, the dimensions of the interstitial canals separat -
ing the particles show pr011ounced relations to the rate of subsidence. 
I regard this observation sufficiently important to deserrn special inves-
tigation and discm~sion, mind shall therefore in this paper only advert to 
a few pertiueut ddta. 
Three test tubes, 2 cm. in diameter and 15 cm. long,_ were filled with 
distilled water to which very different quantit ies of t ripoli had been 
added. The first of these, after shaking, was densely opaque; the second 
much less so; the third only just translucent. After the coarser material 
had subsided, the following results were obtained with the very fine 
particles. d is , he distance between surface of liquid and surface of 
demarkation after the lapse of time h ( expressed in hours) ; d, therefore, 
is the length of the clear column: 
Date. h 
Ver y Opaque. Translu· opa~ ue. cent. 
d, d, 
October 9, 1885.... .. .•.••• .•.••. .•••••. .....• •••••• .... •. .•• . 284-
mm. mm. m111,, 
12 85 50 
October 18, 1885........................................ ..••.. 881 20 50 7ll 
October 15, 1885. ..... .•...• .••.•• .•••••.•••••.••••. .••.•• .... 385 29 60 90 
October 16, 1885.. .. . . .. . . . . .••••• •.•••• .••••• •• •. ••••.• .••••. 4-08 83 65 96 
Rate of subsidence ~";;............ . • • • • • . • • . . • . . . . • . . . • . . -- - -..... 0.12 0.17 o. 28 
Sediment deposited ......••.•.••••••••••••.• ..•.......•.. . •.. . . ... . 20 4- 1 
I 
The amount of substance originally in suspension is fafrly indicated 
by the height of the column of sediment after subsidence is complete. 
1 The actual work usually leads to imperfect gamma-functions and involved results. 
This is quite unnecessary here, since the essential points are illustrated with sufficient 
clearness by the above. I may add that it would probably have been simpler, and at 
the same time more in keeping with the point of departure taken in Chapter II, to 
have avoided optical considerations altogether-to have simply defined turbidity as 
mass of sediment of a given kind per unit of volume of liquid and then to have dis-
cussed turbidity essentially in the manner pursued in the t ext. 
2 Measured by the number of particles per unit of volume, for instance. 
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The deduction from these precursory experiments of immediate in-
terest here is this: Since the rate of descent decreases with the density 
of the mixture turbid liquids manifest a marked tep.dency toward main-
taining their surfaces of demarkation clearly defined, so long at least 
as the particles are Yery nearly of a size and descend very slowly. For 
it is difficult to remove material out of such a surface without diluting 
it, but in virtue of this dilution the transported system again descends 
at greater rates, finally to merge into the surface out of which it was 
taken. Furthermore, if within a turbid liquid there exist a region of 
low density, tuese particles must subside at greater rates and eventually 
merge into an interior surface. 
Sharp demarkation.-The presence of rnrfaces of separation furnishes 
the best available means for the investigation of rates of subsidence. 
When the experiment is made under satisfactory conditions the surfaces 
<lescend uniformly,and the observation maybe madewitb some accuracy 
by project.ing them upon a scale read off at a distance with a telescope. 
I have found it advantageous to place the tubes behind a blaok screen 
and illuminate the.particles from above. Tll.J3 number and position of 
the surfaces is then clearly discernible, until the turbidity fades be-
yond recognition. With fine particles distinct surfaces appear gradu-
ally after two hundred hours-for instanc·e, in the example discussed in 
the last paragraph. But they appear more rapidly on second and sub-
sequent subsidences. We infer a time-effect due to continued contact 
with water. 
Au essential requisite for the production of sharp stratification is 
constancy of temperature: When temperature :fluctuates com·ective 
currents arise in the liquid, transporting above its normal level and 
diluting some of the finer material. This in turn rearranges itself, 
forming a second (false) surface, as soon as the parts of the liquid are 
again at rest. Here, tberefo:r:e, is ~n example of a fog subs_iding in the 
liquid in the way explained in the fir;:;t part of this section. But, sup-
posing the order of occurrences reversible, this new surface would not 
show a depth d = 0 for t = 0, nor could the old surface, after this inter-
ference, be brought back to d = 0 fort= 0. Hence the effect of convec-
tion is virtually a change of the co-ordinates to which O, d, and t are 
referred. This change is irregular, and may, therefore, seriously confuse 
the results, siqce the corrective effect due to differences of density is not 
always sufficient, or sufficiently prolonged, to annul this discrepancy. 
It increases with the width of the glass; but. in very narrow tubes ur-
faces are not discernible at all. The diameter 2.3 cm. is perhaps a good 
mean. 
TEMPERATURE. 
Chemical ~ffect.-The sub idence of fine earthy dust suspended in di · 
till d water i normously more rapid at 1000 thau at oo. Thi i ea il 
accounted .for by the hydration theory, for it is merely neces ary to a · 
I (52 ) 
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sume that hypothetical hydrates, whieh occur and are formed spoutaue-· 
ously at ordinary tempel'atures, are no longer pos ible at 100°. vVhen 
we call to mind the augmente~l thermal activity of the watP.r molecule 
at 1000 this explanation gains much in plausibility. 
Physical ejfect.-A.t this stage of the investigation it seemed to me 
necessary to call to mind that we are fre-quently operating with partiele~ 
1 smaller than any physicall)' measurable qua.ntit_y; with particles, i11 
other words, small eve)} in comparison with the wa e length of light 
and at once commensurable with molecnlal' dilllensions. It behoon~s 
us, therefore, to inquire what the anticipative conditions of subsi<lence 
will be when the dimensions of the particles decrease from some estima-
ble mean value indefinitely. Ob·dously these conditions for very small 
1 particles include those for largP.r particles, a.nd the special considera-
tions to be made in the former case vanish when the dimensions increaser 
Hence in the sequel I shall interpret all results, with special reference 
to small particles, with the proviso that if the degree of comminution 
under experiment be insufficiently small the considerations simplify and 
revert to views which have already been expressed for relatively coarse 
particles. 
In the first section I compared the effective weight of a suspended 
particle with the frictional resistance .of the liquid. ,It is to be remem-
bered, however, that the mole~ules of water are in a state of incessant 
vibration. .The atoms oscillate in virtue of tlle internal molecular 
energy, and the molecule-itself ,continually changes place anrl ,position. 
For very small p:lrticles, and during· very small intervals of time,.it is 
evident.that this state of motion is .not compatible with absolute con-
stancy of the frictional force. We rather infe_r that its value val'ies within 
relatively wide· limits, and the early remarks .in reference to ,permanent 
opalei:;ceuce have,therefore tacitly assumed that tb.e times during which 
gravity acts s~nsibly on any suE,pend~d particle are .negligible in com-
parison with the times during -wpicll -its action.is .withput effect. 
But,even,particles , of Telath·.e~y -large rates qf descent •in w:at.er a.re 
still qµite •invjsible microscopically (see page 35). Their.linear dimen-
sions must therefore ,be .estimated as considerably smaHer ,thau 0.00003 
cm. Renee.it.is safe to accept ,0.000005 .cm .. as ~ fain;nean e~pression 
for the diameter of the subsidi!1g .solid spherules. -On the other hand 
the distance • between the centers of two adjacent water .molecules is 
probably not smaller than 0.0.0000005 cm., or about one one-hundrep.th 
of the mean diameter of the solid corpuscles.1 ilt follows that the 11um-
1 0. E. Meyer (following Maxwell and Van der Waals), Kinet. Theorie der Gase, p. 
226, Breslau, 1877. The value given above, which is taken directly from the kinetic 
theory of gases, is usually conceded to be a bet.tn estimate thau the other va}ues de-
rived by Thomson, Maxwell, and Lorenz from capillary or electrical phenomena. Cf. 
Am. Journ. (2), L, pp. 38 and 258; Phil. Mag. ( 4 ), XLVI, p. 453, 1873; Pogg. Ann., 
CXL, p. 644, 1870. 
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ber of liquid molecules surrounding and impinging upon a suspended 
particle of average size varies between 10,000 and 50,000; that if, for 
instance, the distance between centers of. two adjacent water molecules 
be magnified to the diameter of a pea, the subsiding solid may be typi-
fied by a bomb between a foot and a yard in diameter. 1'he distance 
between the centers of two adjacent molecules is not to be confounded, 
however, with the diameters of the molecules themselves, and a better 
statement of the mean conditions involved is that of a spherical sheII 
0.000005 cm. in diameter and 0.00000005 cm. thick, within which, say, 
30,000 molecules are free to oscillate. This number again decreases 
with the square of the linear dimensions of the particle. The number 
of molecules producing the pressure in any observable case of Boyle's 
law is measured in trillions. It seems to me, therefore, that wLere we 
are observing effects due. to particles whose 'dimensions frequeutly fall 
below tlJese mean values indefinitely, we have to take frietional forces 
into consideration, whiclJ, as regards all feasible mea1mremeuti:;, are con-
stant, but are no louger so when viewed minutely, i. e., in their varia-
tion from the beginning of any small interval of time to the next con-
secutive. . It follows that it is possible for :--uch a particle to descend in 
a liquid .in virtue of the action of gravity alone, although its weight is 
below the mean or measurable value of the friction encou11 tered. 
Whatever the difference between the greatest and least values of 
frictional resistance during the unit of time may be (it is difficult to 
form a satisfactory estimate, since we know but little about the liquid 
molecule and its rate and manner of motion or the variation of molecu-
lar forces), we may argue fairly, I think, that the interval between the 
limits in question will increase with the degree of molecular activity 
of the liquid.1 The particles, und~r conditions of intense agitation of 
the surrounding molecules, are more liable to be shaken through the 
liquid, as it were (as powders are shaken or jarred through a series of 
sieves, to use a common but apt comparison), than when the molecule 
is comparatively quiet. Hence any means which may tend decidedly 
to increase this molecular disturbance, even though it slightly increase 
viscosity (as in the case of salt solutions), may effect an increment in the 
rate of subsidence. These views are to be examined with some detail. 
The most direct means of increasing the molecular agitation of a 
Uquid is temperature. It is- to be anticipated that the rate of subsid-
ence of suspended particles of a given degree of comminution will be 
greater when the liquid is at 1000, for instance, than when it is at or-
dinary temperatures. I made this experiment: 
Two identical glass tubes, closed at one end and drawn to a :fine 
aperture at the other, were half filled ·with distilled water rendei e<l 
1 
Th mean velocity of particle of air, n.t oo C ., for instance, is much OY r 4oo 
m t rs per conrl. The velocity of the mol cul es of li11 uids is not known hn t mn,.;• 
be of like order. 
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densely turbid by dust of w bite bolus. Both were kept at 100° for 
some time, for the purpose of expelling air, then hermetically sealed 
with a blast lamp. The tubes measured abou~ 
0.8 cm. in diameter and 15 cm. in length. One 
of these was -left in the room, without inter-
ference, at ordinary temperatures; the other, 
shaken up simultaneously with the first, was 
exposed to the constant temperature 100°, by 
suspending it in a boiling point apparatus, as 
shown in the annexed diagram.1 (Fig. 2.) 
The following results were obtained: The 
third and fourth columns of Table 1 give- the 
depth d (in millimeterR) of the plane of de-
markation below the bottom of the meniscus, 
after a lapse of time h (in hours) given in the 
second column. 
TABLE 1. - Subsidence at 15° and at 100° compared. 
h d 15°. I d 1000. 
---------'--c---------1-- --- - --
First experiment . . . . . . . . . • . . . . • • . . . . . . . . . . 3 0 3 
Rate cm;:) ..... .... ...... ...... .......... . .. . (0.1) 1. 0 
Second experiment . . . . . . • . . . • • . • • • . • • • . . . . . 24 3 clear 
Rate -c.m;) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. 1 (2. 0) 
.After three hours a difference in rate is 
already clearly perceptible. Within 24 hours 
(experiment prolonged overnight) the sedi- FIG. 2.-Apparatus for aubsid· ence at 100°. 
ment in the hot tube has completely subsided 
in the form of a flocculent precipitate somewhat like alumina. The cold 
tube is almost free from precipitate,2 while the surface of demarkation 
is down only 2 to 3 mm. below the bottom of the meniscus. 
The rate of subsidence proves, therefore, to be very much greater at 
100° than at 15°. .A result of this general character was to be antici-
pated, but the enormous difference of rate in the two cases is exceed-
ingly striking. The effect of the diminished viscosity3 at 100° would not 
have sunk thf~ dust in the bot tube more than 15mm. below the meniscus. 
1 The diagram is readily inte1ligible. The direction of the curreuts of steam is shown 
by the arrows. The sedimentation tube occupies a central position and is thus 
doubly jacketed with steam. 
2 The large amount of precipitate in the hot tube is good evidence in favor of the 
views on the coherence of particles, as discussed on page 37. 
3 The viscosity ()f water at different temperatures has been measured by Poiseuille, 
Rosencranz, and Slotte. (See digest of the latter, iri the Ann. der Physik, XX, pp. 266, 
267, 1883.) At 100° the viscosity of water is about one-sixth of its value at zero. But 
the corresponding rates of subsidence are in a ratio which, although qualitatively in 
accordance, is quantitatively' out of all proportion herewith. 
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I will waive further discussion of this result here in consequence of 
quantitative comparisons which J have in view, comparisons made at 
different temperatures, varying between oo and 100°. Below 100° we 
experiment with solid particles of a given mean size, descending or sub-
siding in a given liquid at determinable rates. Regarded from this 
standpoint the experiment is of sufficient importance to demand careful 
measurements; 
RECIPIT .ANTS. 
Chemical ejfect.-Acids, salts, alkalies, indeed foreign material in gen-
eral,1 when added to distilled water permanently turbid with some finely 
comminuted insoluble solid in quantities not too large, increase the rate 
of subsidence in a marked degree, in numerous cases even many hun-
dred fold. 
The chemical theory appears very readily to suggest these phenomena. 
The addition of the substances enumerated interferes with or prevents 
the formation of the hypothetical hydrates ; but the force of this expla-
nation is apparently weakened wh~n we pass from purely qualitative 
to quantitative data. By reducing some of the results below to a molec-
ular basis, I :&nd that a single molecule of acid or salt, in molecules of 
water varying in number from 10,000 to 50,000, is sufficient to produce 
very m_arked changes in the rate . of subsidence. It is conceivable 
that this amount of dissolved material may in some instances be com-
mensurable with the amount of suspended material, and therefore act 
appreciably on it. In such a case there should be a difference of rate 
due to a difference in the degree of turbidity of otherwise identical tur-
bid solutions. I have failed thus f~r to bring satisfactory quantitative 
evidence to bear upon thi.s point. I am pursuing these experiments 
with considerable care and therefore need merely indicate th·e nature 
of the difficulties encountered here. ·,Instead of consitlering the particles 
individually, as 'has been done above (p. 14), all the particles in the 
unit of volume may be taken collectively. A priori, the only avail-
able force is gravity, ' a11d we must regard the weight of the parti-
cles in unit of volume to be the measure of tbe influence in virtue of 
which water is forced through the capillary interstices of the descend-
ing system. The analysis s bows that the rate of descent of this syt,.;tem 
must decrease rapidly with the number of particles per unit of volume. 
Hence, the purely mechamcal effect hai-; the same sense as the hypo-
thetical chemical effect to be investigated, and it is therefore exceed-
ingly difficult to discriminate between the two. 
Physical ejfect.-On the other hand, the examination into the molecu-
lar conditions of subsidence, commenced in the last section, here ug-
ge ts so many analogies that further discussion is at once demanded. 
We have rea ons for inferring that in the case of water, or perhap au.r 
other imple liquid, there is presented to us a comparatively quiet mole-
1 The definite organic compound (alcohols, ther ) are frequently exception • 
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molecule H 20, akin to those premis~d by Williamsori1 in his views on 
tho process of etherification, and by Olausius2 in bis theory of electroly-
sis, are, at ordinary temperatures at least, of rare occurrence. The elec-
trical conductivity of pure water3 is at most one ten-billionth of tbat of 
pure mercury. It needs but very trifling admixture of acid or salt or 
alkali to increase this minimum value enormously. If it. be remembered 
that as small an addition as 18 per cent. bJ7 weight of hydrochloric acid 
increases the conductivity of water more than a million times, it may 
easily b6 estimated how insignificant is the amount of HCI which would 
suffice to increase the conductivity by a fraction of itself. Even very 
perfect liquid insulators, like alcohol and turpentine, when added to 
water, produce incremental electrolytic effects. Indeed HCI, in the 
pure state, is an insulator of the same order as water.4 .According to 
Clausius, no electrolytic effect will be produced by electromotive forces 
of practicable magnitude, in a Rpace where temporary dissociation5 does 
not occur and partial molecules are therefore absent. Hence at ordi-
narytemperatures the solution of one substance in another ("electrol~·tic 
system") is the es~ential condition of good electrolytic conductivity. 
It is on the basis of these facts that the assumption of a "quiet" molecule_ 
of water, in the above sense, was made. The result of mixture is 
molecular kinetic energy permanently gained in large amount. 
Now, I believe that the dissociations which Olausias and William-
son premise present a more plausible occurrence if the separation is 
superinduced by a:u intermediate substance ·of known affinity for one or 
the other partial molecule. If a solid particle is introduced into an 
electrolytic syst,em its effect upon the ·meandering partial molecules 
may be regarded as somewhat similar to electromotive force, inasmuch 
as in a general case different parts of the suspended solid attract par-
tial molecules of different kinds. Furthermore, in view of the occur-
rence of mass-action, in view of the continually recurring dissociations 
and recombinations between solid and liquid, I see no avoidance of the 
1 Williamson: Ann. der Chem. und Pharm., LXXVII, p. 37, 1857. 
2 Clausius: Mech. Warmetheorie, 2d ed., Vol. II, p. 155-169, 1879. 
3 Measured by a number of observers, among them by F. Kohlrausch, Pogg. Ann., 
Erg. VIII, p. 1, 1876. Kohlrausch'1:1 last value is 30 X 1012 (Berl. Sitzb., XL, p. 3, 1884). 
4 Gore: Proc. Roy. Soc. London, p. 256, Vol. XVII, 186H-1869, and others. 
5 According to Clausius the substance ( acid, salt, alkali, &c.) afte-r solution may 
be regarded as an aggregate of partial molecules, such that opposite electrical prop-
erties are equally represented. Electromotive force produces a moving effect when-
ever the other conditions which influence a partial molecule are favorable, i. e., 
temporarily at a minimum. If any imagi.nary interface be described between the 
positive and the negative electrode, then more positive than negative partial mole-
cule!:! will pass in the direction from the positive to the negative side and more nega-
tive than positive partial molecules in the contrary direction. The result is practi-
cally this: During the action of the electromotive force a certain number of positive 
partial molecules pass through the interface in a positive direction and tbe same 
number of negative partial molecules in the negative direction. 
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hypothesis that the surface of the suspended particle must, in particu-
lar, be a locus of violent molecular agitation. 
Returning from this digression to the subject in hand, I infer that, just 
as in the above instance a marked increment of the rate of subsidence 
of extremely small particles suspended in water was obtained in conse-
quence of the augmented thermal energy of the water molecules (heat-
ing to 100°), so must also an analogously increased rate result at ordi-
nary temperatures from the intensified molecular agitation due to the 
solution of foreign material in water. I offer the following experiments 
on this point: · 
Experimental results.-In Ta_ble 2 the results obtained with finely com-
minuted wllite bolus, red bolus, and tripoli, respectively, each suspended 
in distilled water, are given. Stand-glasses, about3 cm. in diameter and 
30 cm. high, hold these mixtures. The fourth, fifth; and sixth columns of 
the table show the dept,h, d, of the respective surface or surfaces of de-
markation below the lev-el of the liquids a.t the times given in the second 
column. The surfaces were distinct for tripoli, Jess so for white bolus, 
washed in the case of red bolus; dis given in arbitrary units ;1 h in hours. 
Where two sets of figures are- given, two surfaces w:ere apparent. 
Date. 
TABLE 2.-Subsidence in distilled wa.ter. 
Time of 






December 24 . • • • . • . . • • . • . • • • • . • • • • • • • • • • • • . . . . . . . . 12 p. m .. 0 0 
December 25 ...................................... 12 p. m .. 24 6 
December 26 ..•••. .•••••.••. .•••••.••..•••.. .•.. .. 2 p. m .. 38 11 
December 26 ............................ .•..... .. . 5 p. m .. 41 12 
December 27 .•.••• ••.••••• •••••• •••••• ••••••...•.. 1 a. m .. 49 14 
December 27 ..• . .•..•••••.•• ••••••••••. .•••.. .... 9 a. m .. 57 16 
December 27 ..••••.•• .'............ ••••••••••.• .... 8 p. m .. 68 20 
December 28 •••••. ..•••. .••••••••••• .••••. .... ... 1 a. m .. 73 f :i J 
December 28 . . . . . . . • • • • • . •• • • • ... .. • • • • • • • • • • . . . .. 11 a. m .. 83 22 
December 29 .••••. ........................ ........ 2 a. m .• 98 f :: } 
December 29 . . . . . •• • • • ••• • • • • •• • • • .. .. • • • • • . . . . . . . 11 a. m .. 107 f ::1 
Decembe~ 30 ..•..•••••.•••••••••••••••••••••••••.. 1 a. m .. 121 ti 29 j 
December 30 ··-·······-········----······--···--·· 12m . ... 132 f !~J 
December 31 ........... ............ .. ............... . 3a.m .. 147 ·-·--· .... 
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If we regard d as a function of h w find it linear in the case of white 
and of red bolus and quadraticall retarded in the case of tripoli, but 
to the latter fact I would attach no ignificance. It may be due to the 
unavoidable fluctuation of t mperatur .1 So long as the descent is 
uniform ( d proportional to h) th force acting on the particle is nil. The 
effect of gravity is exhausted in doin · work against the frictional resist-
ance. 
In Table 3 are given the results obtained with fine tripoli suspended 
in distilled water-to which various perceutages (by weight) of common 
salt (NaCl) have beeu added. The precipitation tubes in this series of 
experiments were 3 cm. in diameter and 15 cm. long. Values ford are 
given only when planes of demarkation were observable. In other re-
spects the table is like the preceding one, except that d is here expressed 
in millimeters. Where two sets of figures are given, two surfaces were 
apparent. 
TABLE 3.- Subsidence in salt solutions. 
d 
Date. T~~;.·' h 1 l 1 1 ] I ] 
,-; (N .,., 0 ~~ 
o o o ,....; C<l .,-, 
~ :; l l ~ 1 ~ 
December 27, 1883 . . . . . . . . . . 10 a. m .. -;;- - -0 ---0---- 0 ---0 0 I O -;;- -0 -0 
December 27, 1883 .•••••. .. . 2 p. m.. 4 5 9 13 5 Largely 
5 
rn \ { down. 
7 14 ( 30 I 
f }! ~ 29 45 I ~ 
5 17 { 58 87 I 1 ~ 
)265 11 i... 
{ !~ } 85 128 J I : 
{ :~ } 104 Bottom. > ·! 
{ !~ } 135 . . ........ I ~ 
{ ti } Bottom. . . . . . . . . . . J 
December 27, 1883 .....•.... 
December 28, 1883 ......... . 
December 28, 1883 ......... . 
December 29, 1883 ........ . 
December 29, 1883 ..... . ... . 
December 30, 1883 .•.....•.. 
December 30, 1883 ......... . 
6p.m .. 8 
la.m .. 15 
4 p. in .. 30 
2a.m .. 40 
12m .... 50 
1 a.m .. 63 
12m . .. 74 
December 31, 1883 ......... . 3a.m .. 89 { ~g }--················ ~ 
December 31, 1883 ........•. 12m ... . 98 { 1~l } ---· -··· ······ .. -
Rate ( m;) . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 (20) 
Sediment falls rap-
idlv in all the 




The experiments show that the rate of sedimentation increases rapidly 
with the quantity of salt in solution; that evPn small quantities of salt 
produce very marked effects; d varies linearly with h. The absence 
of stratification in cases of greater rates of subsidence (solutions 1 to 15 
per cent.) is confirmatory of the remarks made in an earlier paragraph 
(p. 16) on the rearrangement of particles according to the ·density of 
different parts of the liquid and accords well with the other views there 
given. The remarkably accelerated increase of rate observed on pass-
ing from fractional to integral per cents. (composition) is to be noticed. 
1 Seep. 20 as to convective currents and the change of co-ordinates resulting. 
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Table 4 gives the results obtained with red bolus, white bolus, tripoli, 
talc, and bone ash, respectively, all fiuely commiuuted and suspended in 
weak brine. The percentage of salt dissolved is shown at the head of 
each column. The solutions are held in test tubes about 1 cm. in di-
ameter and 13 cm. long; They were mixed in a way to be indicated at 
the head of Table 5. In most cases surfaces of dernarkation were 
either absent or not clearly observable; d, therefore, shows the depth 
of tints or turbidities of like density or degree below the lernl of the 
liquid measured on an arbitrary scale; cl. denotes clear; tr. translucent. 
TABLE 4.-Subsidence in salt solutions. 
d 
Red bolus. White bolus. 
Date. Time of day. h 
~ ~ ~ I ~ I ~ ~ ~ ~ ~ ~ 
* * * I 3 -* 8 *. 8 * ~ 
~ ... ~ r ~ fi, ~ ...... iil ~ 
; ~: ~1! 2 ~ t ~ ! 
O O O -- 0 0 O O .~__:!__ ~ 
o o o o o o o · o o l o January 7, 1884 .. . 
January 'i. lfR1 
January 7, 11'1"' 
2 p.m .. 
3 p.m .. 
5 p.m .. 
0 0 0 O O 1 l O 3 40 
3 O O O O 1 2 0 6 cl. 
January 'i, JS,,-1 6 p. m.. 4 0 0 ~ 0 0 
January 7, 1884..... 9 p. m.. 7 1 3 cl. 1 2 ;) 2 
January 7, 1884...... 12 p. m.. 10 1 . 1 4 . ~--·· ... · .. 1 4 30 2 2 
January 8, 1884 ... . . . 3 a. m.. 13 2 2 20 ··•··· ····•• 2 5 tr. 3 3 
January 8, 1884 ...... 11 a. m.. 21 2 
January 8, 1884.... •. 7 p. m.. 29 3 
January 8, 1884.. .. . . 12 p. m.. 34 
2 
3 
January 9, 1884...... 10 a. m.. 44 5 4 
January 12, 1884..... 1 p. m.. 119 12 13 
January 13, 1884..... 3 p. m.. 145 12 13 
Rate ( t) . . . . . . . . . . . . . . . .. . . . O. 09 o. 10 
Tripoli. 
January 7, 1884 ...... 2 p.m .. 0 0 0 
January 7, 1884 ..... 3 p.m .. 1 2 2 2 
J anua!'y 7, 1884 ...... 5 p.m .. 3 2 3 3 
January 7, 1884...... 6 p. m.. 4 3 G 3 4 













4 3 3 
cl. 8 7 
10 9 10 
9 6 7 
25 21 33 
30 ----·· 28 38 
o. 25 2 0.2 0. 3 
d 
Talc. 
0 0 0 0 0 
2 2 3 3 4 
2.3 cl. cl. 
cl. cl. 
cl. 
January 7, 1884 .... ~. 12 p. m .. JO 7 12 7 14 tr 
January8,1884 ...... 3 a.m .. 13 8 14 /10 30 I ;_ .::r :: .::. :::: :::· 
January 8, 1884 .... - - 11 a. m.. 21 8 16 O I tr • 
January 8, 1884...... 'i p. m .. 29 ,12 22 1'.!t4r. c. l:_ 1 _:_: : _._:_:_. _:_:_:_: __ · :._·_: :_:_:i_: _:_:_: _: 
January 8, 1884 ...... 12 p. m . . 34 13 22 
Ja11uar., 9, 1884 .. .... 10 i.. m .. I 44 13 25 I I 
January 12, 1884 ..... , 1 p.m .. 119 tr. tr. cl. J· :: · .::: :::. :::: :::. :::: :::: 
Janu, ry 13, 1 d ..... 
1 
3 p.m __ 145 .... .. ...... . 
2 I 3 4 
tr. 
cl . ...... -····· 
0. 8 2 5 
:Bone ash. 
0 0 0 
larifies rapidly. at 
rates increa ing 
with the quantity 
of salt dis ol,ed. 
at ( h) .... ···· ·· ........ 
1 
0. 4 0. 6 0. 7 l. 5 2 2 
I I ----------------
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The absence of stratification which frequently occurs for thin walled 
tubes of small diameter I refer to convection due to :fluctuations of 
temperature. The results of this table have a smaller claim to accu. 
racy.1 The difference in the rates of subsidence in case of solutions of 
the same percentage quantity of salt is probably wholly due to differ• 
ences of · comminution in the various cases. An accelerated increase of 
rate with the strength of the brine is again generally apparent. 
In Tables 5 and 6 various stages of subsidence of tripoli, in solutions 
of different chemical composition, are given, Table 5 showin~ the re• 
sults obtained .with 0.01 per cent. solutions, Table 6 the results for 0.05 
per cent. solutions, of the anhydrous compounds HCl, H2SO,, CuS04, 
ZuS04, MgS04, KI, NaCl. In addition to the mean rates the elec• 
trical conductivities2 of the divers solutions are added. The tables are 
readily intelligible. The particles subsided in tubes 3 cm. in diam• 
eter and 20 cm. long. In order to warrant the assumption that the con• 
tents of the tubes are identical, except in the respects mentioned, the 
following plan of mixture was pursued: One per cent. solutions of each 
of the substances enumerated were first prepared, after which 1 cubic 
centimeter and 5 cubic centimeters of each were diluted to l 00 cubic 
centimeters with distilled water permanently turbid with tripoli. In 
the case of Table 4 above, equal volumes of turbid water were added 
to each of the tubes and the contents then diluted to the desired 
amount with clear distilled water. This general method gives assur• . 
ance that both the number and the mean dimensions of the solid par• 
ticles in each cubic centimeter of the 'different solutions were originally 
identical-a condition of essential importance. 
TABLE 5.-Subsidence in 0.01 per cent. solutions. 
d 
Date. Time of day. h 
-------·-------1---1--- ------ --------
January 6, 1884. .. • • . .••••• .••• •• • •• . • • • . . • • . 8 p. m. 0 0 0 O o o O 
January 7, 1884. •.•••..•..•••.•..•••......... 9 a. m. 13 . . . . . . . . . .. . . . . .. . .. . tr. cl.(a) ..•••• 
January 7, 1884 ..•••.......•..•...•........... 6 p. m. 22 11 5 5 .... .... ....•..•.•.• 
January7,1884 .......•••••.•••••.•••.••...... 12p.m. 28 { 2! ...... ...... cl . .....•.••••• 
January 8, 1884 .............................. 12 m... 40 86 10 10 ..•..............••• 
January8,1884 .......••••.••••••••••.••••... .' 7p.m. 47 50 ............................... . 
January 9, 1884 .............................. 10 a. m . 62 tr. 20 20 .. . . . • . . . .. . . . 18 
Rate (m;:) .... .. .......... ........... . . .... .. ... ... 1. O 0. 8 0. 8 (10) (100) O. 3 
Conductivity {Xl09) • • • • • • • • • • • • • •• • • • . • • • • • • • • • • • • • • 4 6 18 40 75 ..... . 
a Translucent in 1 hour and 30 minutes. 
1 Measurements of this kind, unless we resort to special optical apparatus, are al. 
ways unsatisfactory. To the eye, however, the evidence furnished by these experi-
ments was quite conclusive. After the expiration of a month the tubes with red 
bolus, for instance, were still distinctly colored, the mean tint varying in height and 
in degree inversely as the quantity of salt contained in the liquid. 
2 lnterms of mercury. 
(533) 
30 SUBSIDENCE OF FINE SOLID . PARTICLES IN LIQUIDS. [Bur.r.. 36, 
TABLE 6.- -Subsidence in 0.05 per cent. solutions. 
d 
Date. Time of day. h CuSO4, / KI. NaCl. H2S04. MgS04. ZnS04. 
-------------1--- ·--------------~ ---
January 13, 1884 ..••.•. . .••.••••••••... 5 p. m. O 0 0 0 0 o. 0 
January 14, 1884 ...... . •••••.••••••.••••. 10 a. m. 17 cl. 22 ~ cl. tr. cl. 
January 21, 1884 . . • . • . •• • •. . •• • • . • . . . . . 5 p. m 192 60 60 ---····· ......... ........... 
Rate (~m) ............................. . 0 5 0. o ........ ...... .... 
Conductivity (X109) •••••••••••••••••••••• 8 12 26 80 10 8 
In Table 5 surfaces of separation were apparent except in the case of 
HOl and H2t;04 ; · in Table 6, however, they were apparent only in the 
case of KI and NaCl. I avoid greater length of detail in the present 
data, since all other desirable relations are sufficiently indicated in the 
earlier results.1 
Table 7 contains the results obtained with tripoli falling through con-
centrat'3d ether, absolute alcohol, water, and glycerine, respectively. 
Subsidence takes place in tubes like those described on page 23 ; h is in 
hours, d in millimeters. 
TABLE 7.-Subsidence in divers liquids. 
d 
Date. Time of day. h Ether. Alcohol. Water. / Glycerine. 
---------------1--- ------











9 •••••••••• ······-- ••••••••••• 
16 .•••••••••.•••.••. ········••· 
21 5 •••••••· •••••• ·•••• 
26 .•.•...•• . ....•.••.••••• ·•••• 
30 .••. ·•··•· ••••••.. ·••••• · · ••• 
32 10 ·•••••·· ·••••·•·••• 
36 ·••••···•· ·•••••·• .••••. · .••• 
43 
45 llff ········1··········· 34 •  .•••.. ··•••
44 .•••••...•••••..•.• 
1. 25 53 .........•••.•..••• 
January 22, 188' ............................... 2 p. m. 16 .••••• .. .••••• .. .. 2 .•••••...• • 
After 40 days . . • . . • • • • . • • . • • • • • • • • • • • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
After 61 days . . • • . . • • . . . . . . • • • • .. • • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 13 
After 180 days . . • • . . • . . . . . . . . • • . • • • • • . • . • • . . . . . . . . . . . . . . • • . . . . . . . • . • . . . . . • . . . . . . . . . . . . . . . 25 
After 290 days . . • . . . • • . • • .. • • . • . . . . . . . • . • . . • . . . . . . . . . . . . . • • • . . . . • • . • . . . . . . . . . . . . . . . . . . . . . 35 
After 600 days . . . . . . . . . . . . . • .. . . • • . . • • . . • • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 52 
Rate ( T) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 45 O. 1 O. 02 
From these tables it appears that the descent is much more rapid 
in ether than in alcohol and en·ormously more so in these liquids than in 
water. In the ca e of ether the rate of subsidence decreases rapidly a 
time increa es; but the tube is not long enough for the study of edi-
me~tation occurring at such phenomenally large rates. Particles reach 
their lowe t po itions and pack before a normal rate is fully obviou • 
03 is analogous t@ that of the other aoid . 
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The supernatant liquid is clear. In ca e of alcohol and water it remains 
slightly opalescent. Surfaces of demarkation are in all cases sharp. 
Values for rate of subsidence, such a are obtainable from Table 7, 
cannot be 1.mmediately compared. To arrive at da.ta of this kind, the 
liquids (ether, alcohol, water), bould be examined when in similar molec-
ular conditions. This would, for in tauce, be the case wheu each i::; at 
its boiling point. Differences of rate, in these cases, will lJe much less 
pronounced. ( See Table 1.) 
An interesting feature of this experiment may be noticed here. After 
subsidence has taken place, in the case where about equal amounts of 
tripoli are originally suspended (the liquids being in tubes ·of like cali-
ber), the permanent column1 of sediment was found to be longest for 
ether, shortest for water, of intermediate length for alcohol: directly, 
therefore, as the respective rates of subsidence. But further experi-
ments show that this is not always the rule. In the following Tables 
8 and 9 the results obtained by suspending 1 gram of tripoli in various 
liquids are contained. l denotes the length (mm.) of a column of sedi-
ment, of a given diameter and weighing 1 gram, after complete subsid-
ence has ta.ken place. · 
TABLE 8.-Bulk of 1Jedinie11t rrfter BUbBidence. 
I 
Methyl Ethyl Bther. Water. alcohol. alcohol. 
------
After 40 days, Z = 45 66 134 58 
TABLE 9.-SubBidence in diverB liquids-bulk. 
h Methyl Ethyl alcohol. alcohol. Ether. Water. 
1------1---------------
o. 0 0 0 .••••• •••.•••••••••• 
0. 7 34 21 
1. 1 38 88 ..•.••••..•••.•••••• 
2. 7 44 55 
12. 7 48 67 ·••••••••· .•••••..•. 
23. 7 49 70 , ..... ... .. ·······•·· 
4~. 7 49 
Rate (mm) .... .......... 70 . h 
I 
:~ 1:::::::::: :::~~::::· 
After 21 days, Z = ······-··· 55 59 I 118 49 
Methyl alcohol shows an exceptional value. In all cases the rate ma-
terially decreases as time increases and finally reaches zero asymptot-
ically. As the particles descend they interfere with one another, and 
this in proportion as the quantity of sediment in the unit of volume in-
creases. The friction of particles on themselves complicates the plie-
nomena2 and is without interest in the present discussion. 
1 Bulk here varies linearly with length. 
ll "Packing" is probably due to slow descent of smaller particles between the inter-
stices of the larger, on the hour-glass principle, until the equilibrium of position of 
larger ma3ees or corpuscles is undermined. 
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A :final exhibit of the divers rates of sedimentation encountered in 
the above tables, reduced to mhm and to cm is desirable. 
sec 
TABLE 10.- Rates of subsidence - final digesi. 






0. 1 3 30 
0. 1 3 60 
2. Subsidence in distilled water. 
White bole. Red bole. I Tripoli. 
m m cm ?nm cm 
I~ 
cm 
T sec 106 - h- secl06 1- sec1os 
6 I h 2.6 o. 6 20 0. 2 80 
3. Subsidence in weak brine- tripoli. 








4. Sub:aidence in weak brine-bole, tripoli, talc. 
0. 05 per cent. I 0. 1 per cent. O. 2 per cent. I 0. 4 per cent. I 0. 8 per cent. 
mm I cm I mm I cm mm cm 6 I m: :: 106 Im: ;:>oa -, 1-1-h ""m106 - h- seclO I Red bolus . .. . o. 2 6 0. 2 'l 0. 3 9 0. 6 18 5 150 
White bolus . 0. 5 1. 5 0. 7 :?O 2. 0 60 
: 1 I 
150 13 390 
T ripoli ... . .. 1.0 30 l . 5 45 1. 8 54 110 5 150 
Talc . .. . .• ... 
1 
5 150 5 150 7 210 240 10 300 
5. Subsidence in 0.01 per cent. solutiO'Tls of aivers substances-tripoli. 
Cu 0 4 KI j_Nac_, I ffiSQ4 HCl :fuO 
mm cm mm cm mm cm 1~ 11ec l06 
?nm cm mm cm mm 
;;; 106 h h sec ll)6 l_h_, sec 106 7- secl06 h h St~ 
1. o I I ----30 0. 3 9 o. 3 I (10) (300) c100) I (3000) o. 3 
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TABLE 10.-Ratcs of subsiclence- final digest-Continued. 
6. Subsidence in O. 05 per cent. solutions of divers substances-tripoli. 
CuS04 KI NaCl 
I 
l:12 04 MgS04 ZnS04 
mm ~= 106 mm ::106 mrn crn mm cm G mm cm 6 ni-rn ~=106 - h- - h- - h '" ,,,·, I _·_ seclO - h- -11ec10 - h ---------
0. 5 1. 5 o. 5 -- .... - ....... ... ...... . ........... --- · ... ....... ............ ... 
7. Siibsidence in divers liqt£ids-t1·ipoli. 
Ether. Alcohol. Water. Glycerine. 
mm cm mm ~= 106 mm C?n mm cm 6 h m 106 - h- - h sec-106 T mlO 
- -
250 7500 45 1300 0. 1 3 0. 02 0. 6 
9. Subsidence in divers liquids - tripoli. 
Methyl alcohol. Alcohol. 
· ~ 
cm mm 1= m l06 T . sec106 
70 2000 40 I 1200 
Facilities for obtaining absolutely constant temperatures would have 
much improved these crude results; but they are the best available 
under the circumstances. I may add that the sedimentation effect of 
the addition of ether and of alcohol to distilled water seems to be a 
'decided retardation of rate,1 and that the rate is not independent of 
the amount of sediment in suspension but decreases with the turbidity of 
the mixture. Hence even in the above experiments different rates occur 
in different series of experiments for this rea,son alone; but to these re-
sults I attach crucial importance, and shall therefore treat them specially 
in another paper. 
DISCUSSION. 
JJfechanical relations.-In the equation by which I endeavored to 
describe the appear.ance .of the tube at different times (p. 18), it was con-
venient to express depth, d, in terms of the distance traveled per second 
by a partiele whoserate, o, is the most probable rate. If D -be the actual 
depth in centimeters, then d = ~; and hence equation (9) takes the form 
0= 
801_7( { 1 -(1 + (r:)2) e-(!:) 2 } 
Inasmuch as o and tenter this equation symmetrically it. is evident 
at once that if the rate of all particles be increased n-fold the column 
1 It is well to desiccate the particles int-ended for subsidence in ether. 
Bull. 36--3 
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of turbid liquid will present a given appearance or stage of subsidence 
in~ of the original time; the character of the phenomenon is not essen-
tially changed. If, however, the increase of velocities is produced hy 
solution of precipitants, we find experimentally that the column which 
presents surfaces of demarkation for the class of very weak solutions 
clarifies without exhibiting this characteristic teature during any stage 
of subsidence for the class of stronger solutions, and, furthermore, that 
the transition from stratified subsidence to unstratified subsidence is 
apparently abrupt. I infer that in the case of subsidence superinduced 
by precipitants the equation for the original distribution of rates, 
y = f (x), is radically changed, and this in proportion as the amount of 
precipitant dissolved is greater. Furthermore, that this change is 
equivalent to a flattening of the maximum in the direction of greater 
rates; or that the difference of rate between consecutive particles is 
largely incremented, although not in uniform measure for all the parti-
cles. Again, surfaces of demarkation remain distinct until the (long) 
column as a whole fades beyond recognition. This is the essential 
difference between subsidence of fine particles in water, as actually ob-
served, and simple viscous subsidence as described by equation (9), for 
instance. 
If we accept Slotte's 1 value for the viscosity of water at 20°, k = 
0.0101 (g ·cm-1 sec-1 ), Poiseuille's 2 value for the viscosity of ether, 0.3 le, 
and Graham's 3 values for the viscosity of methyl alcohol and of ethyl 
alcohol, 0.63 k and 1.20 k, respectively; if, furthermore, we assume as the 
density of the subsiding subst:wce ( quartz, clay) the value p = 2.5 
whence p'-p=l.5 in round numbers; if, finally, g=980 (cm. sec-2), 
then Table 10 (7 and 9) supplies the remaining data a (cm. sec-1) for 
estimating the mean linear dimensions of the subsiding particles. We 
obtain 
Centimeters. 
Water ............................. .. ............................. _ •.• R= 0. 00001 
Ethyl alcohol _ ..•. _ . __ ••••..•••••..•...•......... _ .... _ . _ ...••••••. __ -R = O _ 00019 
Methy 1 alcohol. .... _ .....••••• _. _. ____ . _ ...•..••...•.......•...... _ ... R = 0. 00020 
Ether __ . ______ . _ . _ ......•..•... _ ...........•••••...•...•.•.•... _. _. ___ R = 0. 00024 
These results point out in a striking way the essential difference be-
tween subsidence in distilled water and subsidence ill liquids (alcohols, 
ethern) whose affinities for silica and silicates are demonstrably feeble. 
The value of .R is smallest in the case of water; certainly too large in 
the case of the remaining liquids. The dimensions found arc therefore 
ju tin the inverse order of the values, which hydration would compel 
n to infer. The discrepancy is due in part to the value of den ity 
entering into the arguments; but the large _ error is more simply ex-
1 Slott , Wied. Ann ., XX, p. 262, 1 :3. 
llPoi eu ille, Ann. de Chim. et de Phys. (3), VII, p. 50, 1843; ibid., p. 76, 1847. 
3 Graha.m, Phil. Mag. (4), XXIV, p. 23 , 1 61. 
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plained by the fact that in the two cla e of perim nt 
made upon the same material, we bav d(fferent particle uncle r b rva-
tion. I have adverted to the coarrulat l app arau of he edim nt 
when submerged in ether or in al ohol. The par i 1e c here clo 1 , 
and the coarser material sweeps th fin r mat rial lown, p, r i ul, rl. in 
the case of dm1se mixtures; hence the poor lectiY pow r, the bulk 
sediment and hence we fail to arrive at v, lu for the r( te of nb id-, 
ence of the tl10roughly comminuted du tat all. Iu th tripoli mploy d 
I indeed measured particles microscopically1 a lar 0 • a 0.00005 c nti-
meter to 0.0007 centimeter, but these are at once ejected by Weter a 
well as by ether, are fonnu at the bottom b "'fore the urface of demarka-
tion has fallen 0.05 cent imeter, ?-,nd have no bearing on the phenome-
non in hand. 
Electrical relations.-If we compare the results for rate of precipita-
tion taken from Tables 5 and 6, or from Table 10, with the known values 
of electrical conductivity of the respective solutions, we fail to find any 
detailed similarity in the two sets of data. In a general way, perhaps, 
the strong mineral acids show marked power to increase both rate of sub-
sidence and electrical conductivity. But the salts of copper, of magne-
sium, and of zinc increase the rate of precipitation·to a much larger de-
gree than can be inferred from their electrical constants. Much of the 
discordance is no doubt to be referred to the coarseness even of the best 
available methods for measuring rates of subsidence. Chemical affinity 
produces a distortion; in th~ case of acids, for instance, effecting actual 
solution of particles of extreme fineness. But with due allowance for 
all these sources of error, I feel convinced that more elaborate experi-
ments will not substantially change the results. Regarding this ques-
tion from a theoretical point of view, greater accordance of results than 
has here been obtained is not at all to be anticipated. The electrical 
conductivity in case of dilute solutions is dependent on the friction 
against which the ion moves in its passage through water-a quantity 
which has not an immediate bearing on the subsidence of a srriall solid 
particle. 
Precipitation increases in a marked degree with the amount of salt 
of a given kind in solution. · This is equally true of electrical conduc-
tivity. Nevertheless , here again there is probably not perfect parallel-
ism in the march of the two phenomena. The increase of conductivity 
1 The diffraction method applies, of course, only to much larger particles; at 1east 
the exceptionally large corpuscles which are just within reach of v iolet light fall 
too rapidly for uniformity of distribution. Iu connection with the values of R it is 
interesting to note that the dimensions of the vesicles of mist in the air as obtained 
by Fraunhofor, (Schumacher, Astr. Nach~., III, p . 62) and laterby Kaemtz (Meteor-
ologie, III, p. 111, Mo.usson, Phys., II, 1872), are 0.0017 centimeter and 0.0033 centi-
meter, respectively, the numbers varying with climatic conditions. It is well known 
that lycopodium spores (0.003 centimeter) and Bowista spores (0.0004 eentimeter) 
come nicely within the range of the diffraction method. 
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for such (small) quantities of <lissolveu salt as are enumerated in the 
tablei:; is regular and uniform. The rate of subsidence appears to in-
crease very slowly, almost imperceptibly at .first, until a certain amount 
of solid is dissolved; further additions are accompanied by rapid accel-
eration in the rates of subsidence. But tllis inference is liable to error, 
inasmuch as at the critical stage in question, surfaces of demarkation 
are no longer available. 
My results on the relation of conductivity and sedimentation, when 
considered in the aggregate, may therefore l>e summarized thus: A sim-
ilarity between corresponding data for electrical conductivity and rate 
of subsidence is roughly apparent when the change of internal energy 
of water is produced either by heat alone or by solution of different 
quantities of one and the same salt. Between the values of these vari-
ables obtained by dissolving different salts no relation is ob8ervable, 
except perhaps of a very general kind. In tbe case where precipita-
tion takes place in different simple liquids (water, alcohol, ether) the 
respective rates differ enormously from the values which the conduc-
tivity of these sub~tances would lead us to infer. 1 
In view of the fact that the degree of comminution of the particles 
under consideration is much smaller than the limit of microscopic visi-
bility it is permissible to make this inference: The frictional resistance 
experienced by the solid particle in its passage through the liquid, al-
though apparently constant, is no longer so when regarded with refer-
ence to its value during a number .of consequtive indefinitely small times. 
If, furthermore, we admit that the limits within which this frictional 
force is comprehended increase with the degree of molecular agitation 
of the liquid, then the analogy between the phenomenon of electrical 
conductivity, as explained by Clausius, and the phenomenon of subsid-
ence of extremely fine particles in liquids is very nearly complete: in 
one case the ion is sensibly acted on by an electromotive force during 
the times when it is relatively in a state of freedom as regards the pow-
erful chemical attraction of surrounding molecules; in the other, the 
tendency of gravity to urge the particle downward produces an effect 
when its weight is temporarily greater than the variable friction en-
countered during its motion through agitated molecules. The ultimate 
result in the electrical experiment is the appearance of free ions at the 
electrodes; in the other experiment a sediment collects at the bottom 
' of the tu be. 
Particles of larger dimensions.-! will introduce this paragraph by 
the following random ::;election from a large num l>er of data. The table 
1 Remarks of an analogons kind are made by those who have endeavored to expre 
the electrical conductivity, k, iu term of the quantity, p, of alt di, ·olv11d and the 
viscosity, 1/, of the solution. Gro tl'ian (Pogg. Aun., CLVII, p. 250, 1 i6) obtains good 
agr ement (at 1 ° and 15°, respectively) by using the formula k=c 12., where o and 
n are constants. 11 .. 
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contains a comparison of the rate~ of nbsicl nee in brine of O per cent., 
0.5 per cent., and 1 per cent. strength, re pectiv ly, when in one case 
the original mixtures are densely turbid and opaque, in the other only 
just opaque fading into translucent; tnbes, 3 cm. in diameter 3:nd 20 cm. 
long. In both sets of experiments I observe three different degrees of 
turbidity, in which the suspended material varies as 4.: 2: 1 for each of 
th_e stated percentages of salt solution. o. denotes opaque, tr. tran lu-
cent, cl. clear, as above. The depth of the opaque stratum is determined 
by noting the point of the tube at which a beam of the light of the sky 
reflected from a distant plane mirror and passing through tlle tube is 
extinguished. Depth is always given in millimeters below the menis-
cus as a datum; time, in llours (h). 
TABLE ll.-Stibsidence of opaque and of translucent rnixtiwes in bt·ine. 
Strength of brine = NaCl, 0 per cent. NaCl, 0. 5 per cent. NaCl, 1 per cent. 
Date. h 
Relative turbidity= 4 2 1 4 2 4 
------+-----J~--------1------------------
5. g l Oct. 3, 1885 .. . Oct. 4, 1885 . . . 
Oct. 6, 1885 .. . 
Oct. 1, 1885 ... 
Oct. 3, 1885 .. . 






~ ~ ~ ~ ~ ~ ~ 
o. tr. tr. tr. cl. cl. cl. 
o. o. 
o. 
;5 to} cl. cl. cl. . ..... ...........• 
o. o. 
90 160 
Particles fall in the r::itio of turbi<lity 
'-~---' and concentration. lea.ving a filmy 
Demarkation in• opalescence bellind; i,r.diment, 
distinct. bulky and flocculent, collects at 
the same r::tte. Pr~cipitation is 
complete in fractions of an hour. 
o. I o. I o. I o. \ o. I o. I o. I o. I o. 
----------..,,..---------' 
38 No demarkation. Tubes approach translucency in ti.le 
exact order of conreutration and t11rl,idity, being 
Dilute semi-trans- turbid still, al~hou~h 1 per cent. is. nearlr clear. 
48
1 lucent mixture. ] ~ff,;t
0
of qu:fa:y of aalt not;:.y read,ly obv,ous. -
. ) tr. cl. ~ o. tr. l cl. ~ cl. cl. . .•••• 
63 ~ o. ( t 5 tr. o. ( t1·. 5 tr. l i tr. 5 r. l cl. tr. 5 ( cl. 5 cl. cl. · ··· · • 
This table reproduces an exceedingly striking observation in an un-
avoidably coarse and imperfect way. The action of the precipitant is 
marked and instantaneous when the solutions are densely turbid, I may 
add, in such a way as to contain relatively large corpuscles in suspen-
sion. When the turbidity is slight aud the particles are flue, the tend-
ency of salts to produce precipitation, however pronounced, is no longer 
quite so obvious. 
Many of the particles here subsiding are probably too large t~ fall 
within tbe scope of the hypothesis enunciated in the preceding para-
graph. But causes for the observed coherence of particles, the bulky 
and flocculent precipitates and the rapid subsidence seem to me not far 
(541) 
38 ) SUBSIDENCE OF FINE SOLID PARTICLES IN LIQUIDS. [Bu11.36. 
to seek. The view which I advance provisionally is based on a principle 
similar to that by which Lesage, of Geneva, endeavored to explain the 
mechanism of gravitation. Suppose for a moment that the particles 
are without weight. · If we regard any one of them individually, the 
effect of the molecular agitation would in general be nil so far as motion 
of the particle is concerned, inasmuch as this action is symmetrically; 
distributed over the whole surface. If, however, there be given two par-
ticles, and if the&e be placed in sufficientproximity, then this symmetry 
of action is destroyed; the two particles wiJl mutually screen or shield 
each other from impact on the parts of ·their surfaces which face each 
other, whereas the external parts of the surfaces are left exposed in full. 
The result is a force tending to move the particles together in a line 
joining their centers. In some such way, I believe, the larger particles 
in the presence of precipitants, or at higher temperatures (i.e., under 
conditions of intensified molecular disturbance at the surfaces of the 
particles), attract the finer particles, sweeping the greater number of 
them to the bottom of the tube at relatively large rates. 
Subsidence and viscosity.-In this place the results in Tables 7 and 
9, referring to ether, alcohol, and water, throw new light on the dis-
cussion. For the viscosities of these substances Poiseuille 1 found the 
relative .data 0.3, 2 .. 2, 1, respectively-where, however, the alcohol is 
not absolute, but an soo (alcoholometer) spirit. Graham2 finds the vis-
cosities of water and alcohol in the ratio of 1 to 1.2. These values are 
proportional to the times occupied by the liquids in passing through 
identical capillary tubes under identical circumstances (transpiration). 
Now it would appear that in the case of subsidence we have quite an 
analogous experiment. In the first instance, a fine thread of liquid 
moves through a fixed solid ; in the second, a fine particle of solid 
moves through a stationary liquid. In both cases the two substances 
move relatively to each other under conditions by which eddies are ex-
cluded, and the whole kinetic energy is at once converted into mo-
lecular kinetic energy or heat. Table 7, however, in connection with 
the results of Poiseuille and of Graham, shows conclusively that a rela-
tion between the rates of subsidence and the rates of transpiration is by 
no means apparent. The necessary inference is either that the frictions 
encountered in the two cases are radically different, or that the dimen-
sions and the density of the particles change with the properties of the 
liquid in which they are submerged, or both. Above (p. 15) I accepted 
the last as the most probable conclusion; but it is nevertheless difficult 
and unsatisfactory to endeavor to make allowance for the observed enor 
mous v~riations of rate of subsidence by simple variations of density 
and dimen ion of the subsiding particles. These remarks are further 
exemplified by the results obtained with saline solutions. 
1 Poi uille, Ann. do Chim. et de Phys. (3), XXI, p. 104, 1847. 




The effect of tlrn solution oft b salt OuS04, Mo- 04, Zu 04, aOl, 
and of the acids nm, II2,S04 ill Wet r, at onlinar. t mp rature ' 
is an increase of tlrn viscosity of the iquitl uearl proportional (where, 
as in the above tables, only fraction of a per c ut. are di olved) to tho 
quantity of salt or acid in solntiou.1 
There are some ealts,2 notably among tll m KI, the i ·co ity of who, e 
weak solutions at low temperatures i 1 · than the vi co ity of 
water. But the value of the decrement produced by addition of 
quantities as small as 0. 1 per cent. i in no case pll uomenal or even 
large. Table 6, moreover, shows no marked differ nee between the re-
,spective rates of snbsideuce- in solutions of KI and of N ~tCI, wberea 
in the first instance the viscosity of water bas been iucreased, in tile 
second diminished, by the solution of like quantities of the two salts. 
To me it appears i.mpossible that additious of small fractions of a per 
cent. of acid or of salt to water should be able to affect the mean or 
measurable viscosity of this liquid in any marked degree; certainly 
not to such an extent as increases the rate of subsidence even many 
hundred fold.3 
CONCLUSION. 
In the above pages I have endeavored to throw light on the phe-
nomenon of subsidence from three points of view. I adverted in the first 
place to the mechanical conditions of subsidence, i.e., to the dependence 
of rate of descent upon the figure and physical constants of a single par-
ticle or upon the constants of a stated group. of particles. I then 
attempted to point out certain possible analogies in the sedimen-
tation of very fiue material with Oiausins's interpretation of electro-
lysis-to find some expression for the dependence of subs1dence on the 
molecular conditions of the liquid. Finally, I called to mind the prob-
ability of certain permanent chemical effects of the liquid on the sub-
_siding solid. The last of these subjects of inquiry is more nearly open 
to investigation, independently of the others, than either the first or 
second. 'rhis, therefore, seems to be the proper point of departure for 
1 The literature of the viscosity of Ii.quids since the original memoirs of Girard 
(Mem. de l'Acad. Roy. de l'Inst. de France, 1816) and by Poisenille (Ann. d~ Chim. 
et de Phys. (3), VII, p. 50, 1843; ibid., p. 76, 1847) has been steadily increasing, 
though the more important additions are of recent date. The reader desiring 
further information isJeferred to the papers of Sprung, Pogg. Ann., CLIX, p. 1, 1876; 
Grotrian, Pogg. Ann., CLII, p. 1, 1876; ibid., CLX, p. 1, lt:!77; Wagner, Wied. Ann., 
XVIII, p. 259, 1883, and others. Gi·otrian studies tile vibration about a vertical axis 
of a very large horizontal disk snspei1ded in a liquid, thet,heor;yof which experiment 
·is fully known. In other researches, however, Grotrian, in common with the remain-
ing physicists, adopts the more accurate met,hod of transpiration . See Graham, "On 
liquid transpiration, etc.," Phil. Mag. (4), XXIV, p. 238, 1861. 
2 NH4C1, NH4N03, NH4Br, KI, KBr, KNO3, KCl (Sprnng, l. c. ), BaNO3 (Wagner, l. c.). 
3 Similar remarks may lie made with reference to the capillary and cohesion con-
stants of liquids, those of Gay Lussac, for instance. Cf. Mousson, Physik, I, pp. 263, 
267, 1871. 
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further research; and I believe, if the relations in question are system-
atically studied, that the quantitative results will not only elucidate 
many obscure points of the chemical behavior of solids,1 but that they 
will even furuish data bearing directly upon the phenomenon of solu-
tion. Solution is here the limit .of turbidity.2 Indeed, I know not 
whether the degree of extreme divisibility of subsiding particles, or 
even the mean size of the particles of an ordinary precipitate·, has ever 
been systematically put into relation with the conditions, physical and 
chemical, under which subsidence takes place. 
1 The tendency to hydration under varying con di tio ns of mass per unit volume of 
liquid, for instance. 
2 See above, page 12, and chapter II, p. 42. 
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CHAPTER II. 
THE DEPENDENCE OF RATE OF SUBSIDENCE ON ORDER OF SUR 
FACE, CONCENTRATION, AND TURBIDITY. 
EXPERIMENTAL RESULTS. 
Introductory.-In this chapter it is my object to begin a minute study 
of the conditions subject to which a column of turbid liquid must pre-
sent a stratified appearance. The turbidity is assumed to be due to very 
finely comminuted insoluble matter which the liquid holds in suspen-
sion. 
The strata in question are usually characterized by sharp upper sur-
faces, below which opacity decreases until a depth is reached at which 
another surface juts out, as it were; from this point, downward, tur-
bidity decreases again as far as the next consecutive surface, and so on 
for the remaining surfaces. Particles are thus aggregated on every sur-
face and near it from below. If we suppose depth to be laid off verti-
cally downward and opacity horizontally to the right, the appearance 
of the tube would be well given by a saw placed so that the cutting 
edges of the teeth may be upward on the right and nearly horizontal; 
in other words, the serrated outline of the diagram passes from left to 
right downward, indicating a general increase of opacity from top to 
bottom of the column. I need only add that the continuous decrease of 
opacity for parts of the column between the first and second, second 
and third surfaces, &c., is not so marked as between consecutive lower 
surfaces. 
It has been stated above (p. 20) that in the case of fresh material the 
surfaces in question do not seem to appear until after the lapse of a 
large interval of time, say one to two hundred hours; but when the 
particles have just undergone subsidence, strata may be obtained sooner. 
Again, the occurrence of pronounced stratification is observable sooner 
with semi translucent than with very opaque mixtures; in the latter case 
they eventualJy appear in greater number than in the former. Finally, 
after the strata have come into distinct definition, they retain their indi-
viduality until they ultimately vanish, or, at least, become too faint for 
measurement. Fluctuation of temperature interferes with sharpness of 
outline. In the present paper, however, some of the experiments have 
extended over 1,200 hours, so that the aggregated effect of temperature 
is probably nil. 
The general method by which I hope to arrive at definite results on 
the ultimate cause of·stratification consists in a minute study of the rate 
(545) 41 
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at which subsidence takes place considered in its dependence upon the 
order of the surface, the concentration, and the turbidity of the solution. 
It will be convenient to number the surfaces from the top downward, and 
distinguish them as surfaces of the first, second, third ...... order. Un-
der concentration is to be understood the number of grams of dissolved 
precipitant per cubic centimeter of solution; under turbidity, similarly, 
the number of grams of insoluble dust of a given kind per cubic centi-
meter of solution. In the present experiments, however, it has been 
expedient to express turbidity arbitrarily. 
Data.-Tripoli suspended in distilled water or in weak brine subsides 
at rates of practically convenient magnitude. _ This mixture has there-
fore been used in the present work. 
The first series of results refers to diluted, i. e., to semitranslucent 
mixtures. The degrees of concentration vary from O to 1 per cent. of 
salt. For each strength of brine, moreover, three degrees of turbidity 
in the ratio of 4: 2: 1 are observed. The following Table 12 is a clear 
exhibit of the contents of the several tubes, the data indicating the 
number of cubic centimeters of turbid water, brine, and clear waler 
mixed in each case. 
TABLE 12.-Semitranslucent mixtures - contents of tubes. 




4 2 1 . 4 
~1_1 __ 
4 2 1 
------
I 
Tripoli water ............. cubic centimeters. 40 
': r 
10 40 20 1 10 40 20 10 Brine ............................. do ..... . .. 
Distilled water ................... do ........ 
Ingredients. 
Tripoli water ............•.... cubic centimeters. 
Brine ................................. do ........ 
Distilled water . _ .......... .......... do ........ 
Tripoli water used after Rtanding three days. 
Brille: 10 grams in 200 cultic centimeters. 
0 0 1 1 1 2 
10 30 40 9 2a I 39 8 
I 
0.4 per cent. 0.6 per cent. 0.8 per cent. 
4 •) 1 4 2 1 4 2 I 1 
- - - - - - -;1~ 40 20 \0 40 20 10 40 
4 4 4 6 6 6 8 8 8 
6 26 36 4 24 34 2 I 22 / 32 
2 2 
28 38 
1 per cent. 
4 2 1 
- - -
40 20 ...... 
10 10 ..... 
0 20 -·--
TubeM (diameter, 25mm.; leugtb, 200mm.) shaken up simultaneously October 1, 1885, 6 p. m. 
Table 13 gives the re ults obtained with these mixtures; column 
first contains the date; column second, the time in hours elapsed since 
the beginning of the experiment; the rcmailling columns indicate the 
depth in millimet 'r of the urfa,ces of <lemarkation, for the condition 
of concentration and turbidity ghTeu at the column beading, below the 
urface of the liquid a a datum. Whenever the column shows a num-
ber of urface ( urface of di:ffereut order ) , the depth of each i noted, 
(546) 
BARUS.[ TRAN Ll E TT fL.T IE -RES LT . 43 
tile data beiug ptw<•d vc- ·t i(·al ly a ho\'~ 
c. denotes clear. 
qu nee; 
TABLE 13.-Semitranslucent mixt11res--co11s cutivc po itionsoftlw su1'facesof demarkation. 
-------- ---------~-----
0 p r c1·ut. I 0.1 p'r c ut. 0.2 p r cent. 
Date. Time 01 clay. h -
2 4 2 1 4 2 1 
October 1, 1885 .......••... Gp.m ...... . . 0 0 0 0 0 0 0 
October 6, 1885 ............ 7p.m ........ 121 20 40 'iO 23 52 80 25 42 72 
I 
October 8, 1885 .•••• •.•.... 10 a.m ..... . . . lGO 2G 45 I 85 27 65 97 32 53 92 
50 90 1 .... 45 100 45 90 
70 70 .......... ......... 61 
90 ····· 
:~~:1 
100 ···· ·· ....... .. 90 
October 9, 1885 .•••••...•. . lOa.m ......•. 184 32 54 35 74 112 35 60 105 
58 100 53 120 -----· 55 
80 82 ....... ·----- 74 
100 115 ....... ------ 105 
Octob~r 10, 1885 ......•••.. lOa.m ..•..••. 208 35 59 C. 38 82 C. 44 70 c. 
65 110 59 ------ ------ 84 
90 92 -- ---- ........ ..... .. ..... ----
115 ... . .. .... . ······ ... ..... -----
October 11, 1885 ..••••...•. 10 a.m ... ..... 232 40 65 C. 42 95 c. 50 82 c. 
75 67 ---- -- ------ 98 
102 
October 12, 1885 ........... 12m ..••...••. 258 44 72 C. 45 102 c. 57 89 c. 
80 75 ----- - ...... .... 105 
October 13, 1885 .•.••• ..... lp.m .• ....•. 283 49 77 c. 50 110 c. 64 98 c. 
80 82 ...... -- ---- ......... ----- ..... 
0.4 p er cent. 0. 6 per cent. 0.8 per cent. 1 per cent. 





•• , ••• 
1
• 
October 1, 1885.. .. .. ... . . . 6 p. m ....... . 0 0 0 0 0 0 0 0 0 0 0 0 
October 6, 1885 . ..•.• ... . . . 7 p. m .....•. : 121 40 60 c. 65 90 c. 100 c. c. c. c. . ••. 
October 8, 1885 . ... . .. . ... . 10 a. m .....••. 160 50 75 C. 85 110 C. C, C. C. C. C. • ••• 
80 . ..... ..... . 
October 9, 1885 ..... .• : ..•. 10 a. m .....••. · 184 60 83 c. c. c. c. c. c. c. c. c . ..•• 
Octob er 10, 1885 ...•••.•... 10 a. m .....•.. 208 72 C. C. C. C. C, C. C. C, C. C. • • • • 
October 11, 1885 . .......... 10 a. m ....... . 
October 12, 1885 ........... 12m .. : ...... . 
October 13, 1885.... .. . . . . . 1 p. m ... .... . FJ 11:; :::: ::: :T: :: :: :::: :::: :::: :::: :::: 
Table 14, finally, contains data for the rates of subsidence of each of 
the divers orde:rs of surfaces, degrees of concentration and degrees of 
turbidity given in Table 13. Rates are expressed in mhm. To derive 
these results I used graphic methods. The accuracy thus obtainable is 
fully in keeping with the accuracy of tlte other work. 
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T ABLE 14.-Semitransluccnt 1nixt1.wes-rates of s1ibsidence. 
0 p er cent. 0.1 per cent. 0.2 per cent. 
Order of surface. 
-----'----------1--4 ___ 2 ___ 1 ___ 4___ 2_/_1 ___ 4 ___ 2 ___ 1_ 
1 . • • • • • • • . . . . . • . • . . • . • . . • . . . • • • • . . . • . . . . . • • • . 0. 16 0. 28 0. 54 0. 18 o. 40 o. 63 0. 23 o. 35 0. 57 
2 . • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • . • • • . . 0. 32 0, 54 : • • . • . 0, 28 0. 64 ..... . 
3 • • • • • • • • • • . • • • • • . • • • • • • • .. • • • . • • • • • • • • . . • . . . o. 44 .... · 1... . .. 0. 44 1 .. . .. , ..... . 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • • . . . . . 0. 56 ' . . . . . . . .... · 1 0. 62 ........... . 
o. 30 I o. 56 ..... . 
0. 40 ........... . 
0. 57 ······ ······ 
0.4 per cent. 0. 6 per cent. 0.8 per cent. 
Order of surface. 
----------------' --~ _ 2 ___ 1 ___ 4 _ __2__/_1_ ·_4_j_2 ___ 1_ 
1 . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 0. 35 o. 40 .. . . . . o. 54 o. 71 ...... . o. 82 ..• · · · · · · · · · 
:::::::::::::::::::::::::::::::::::::::::::: ':" ::::r:::: :::::r::: ::: :::::: :::::r ::: 
The next three tables are constructed on a plan identical with that 
pursued in the cases of Tables 12, 13, and 14. Time, h, is given in 
m.m I dd't' t hours, depth in millimeters, rate of subsideuce in T' 11 a 1 ion ° 
the experiments with water, it was founu convenient to compare the 
rates of subsidence in pure water and in water charged with alcohol and 
with ether, respectively, in the proportions specified in the last four col-
umns of Table 15. 
TABLE 15.- Opaque rnixtures - contents of tnbes. 
0 per cent. 0.5percent. lpercent. Alcohol. / Ether. 
Ingredients. 
4 2 I 1 4 2 4 2 I 1 w. .A.. w . E. 
------------1----------- ------
Tripoli water . ... cubiccentimetcrs .. 60 30 15 GO 30 15 60 30 15 60 60 70 70 
Brine ............... . ....... do...... O o O 8 8 8 16 16 16 . . . . . . .. . . .. . • • • • • · · · · · · 
Distilled water .............. do ...... 16 46 61 8 38 53 o 30 45 20 ...... 10 ..... . 
Alcohol. . ................. .. do . ............. __ .. . . .. _ .. __ . _. _ . . . . . .. . . . . . . . . . . 20 ........... • 
Ether ....................... do ...... ···· j··-- ··-- /··-- ........... ,.. .. ... . ...... ...... ...... 10 
Tripoli water, densely opaque. 
Brine, 10 graius in 200 cubic centimeters. 
Tubes (diameter, 25 mm. ; length, 200 mm.) sh aken up s imul taneously October 3, 1885, 12 m. 
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TABLE 16.:...._ Opaque -mixtures- co11sccutive positions of the surfaces of dema1·kation. 
Date. Time of 
day. 
0 p r cent. 0.5 p r cent. 1 per cent. A.lcobol. Ether. 
h 
October 3, 1885......... .. . . 12 m .... 
'-----v----' 
October 10, 1885 .••••• .•• • •• 10 a. m.. 166 10 17 25 
(a) 65 
Snbsiclence takes place 
in the ratio of concen-
tratiou and turbidity, 
and is almo. t complete 
in fractiou. of au hour. 
No demarkation. 
90 
... . . . .. 110 
October 11, 1885 .••• .• .•. •. . 10 a. m.. 190 13 22 RO 
October 12, 1885 ••••••••.... 
Ootober 13, 1885 ••••••..... • 
October H, 1885 •••••••••..• 
October 16, 1885 ••••..•..•.. 
12 m .... 216 
lp.m . . 241 



































9 a. m.. 309 25 38 52 
38 65 111 
36 60 23 (i'.J) 
50 (b) 34 
50 78 .•........ ........ .......•. . 63 




October 17, 1885 ••••.• .••••. 2 ·p. m.. 338 29 42 60 . . . . . . . . . • . . . . . ........ 41 25 
37 
October 19, 1885 ........... . 
44 70 123 . . . . . . . . . . . . . . . . . . • . . . . 56 
56 85 . .. . .... . .•. . . . . . ..... ..• . 74 
69 110 
81 138 
........ .• •. - .. . .. . . . .. . . •. 88 
95 
112 
9 a. m.. 381 33 49 68 ... . 









a Incipient stratification. b Column turbid. 
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TABLE 16.- Opaque rnixtures-oonseciitive positions of the su1faces, ifc. -Continued. 
0 per cent. , 0.5 per cent. 1 per cent. 
1
1.A.lcohol. Ether. 
Dato. Time of h 
----------t~--~~-1_!_ 4_1 2 _ 1_ ~ 2 / 1 W . .A.. W. E. 
October 20, 1885 •••••••••••• 8 a. m.. 404 34 50 74 ......•.. ~ .... : . . . . . . . . . 50 75 32 
55 84 . . . . . . . . . . . . . . • . . . . . . . . . . • • . 70 . - . . 45 









55 75 . • • . . • . . . • . . . . . . . . • . . . . . 51 .... 38 
90 . -- ... -- ---· . -- ...... --- ---- 71 








59 80 . . • . . • . . . . . . . • • . . • . . • • . 54 82 39 
95 ......... --· . -- .. -- ..••..... 75 54 





October 23, 1885 • •• . • . . • • • • . 12 m . . . . 480 40 60 85 . . . . . . . . . . . . . • . . . • • . . . . . 57 87 40 
65 100 ---- .•.......... --·· -··· -··· 84 60 













90 ---· ........ - --· --- · 64 91 44 
_ --· .. _ .. _ ...... --- . . --- . -- . 90 65 
145 
October 25, 1885 • • • • • • . • • • . . 9 a. m.. 525 45 68 93 . . • . . • • . . . • . . • • . . . . . . . . . 65 95 45 
72 110 . . . . . . • . . . . . - .• - . . . . . . . . . . . . 92 
October 26, 1885 .•.•........ 8 a. ro •. 





548 46 70 99 
65 96 47 




572 50 74 101 ............... . . _.. . . . . 76 100 50 (a) 
:: 120 . .•. . . .. . . . . •• .•. . . .. . .•. " 11 
135 
a Column tul'bid. 
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TABLE 16.- Opaque mixtures-conseciitive positions of the smj aces, f c.-Contioned. 
0 per cent. 0.5 per cent. 1 p er cent. !Alcohol. Ether. 
Date. Time of h day. ,~ ~l w. 4 2 1 4 1 4 2 A. w. E. 
- - - -1-
October 28, 1885 ...•..•••..• 8a.m .. 596 51 75 110 .. . . ...... ---- . ... . ---· --- 72 103 51 




October 29, 1885 •.....•••••• lp.m .. 625 55 80 112 ---· . ... . --- · ... . --·- ..... 74 107 54 








November 2, 1885 .......•.. 10 a. m .. 718 62 91 124 .... .... .... . --- ---- · . .. 83 118 59 
97 149 
125 
November 3, 1885 ........... 8a.m .. 740 63 91 126 ---- --- · ---- ..... ---· ... . 86 120 
99 
126 
November 5, 1885 ........... 7a.m .. 787 103 99 133 ..... ·--· . ... ..... . ... . .. . 90 124 
133 
67 
November 9, 1885 ........... 12m .... 888 79 110 147 
118 
149 
November 13, 1885 .••.•••••• 9p.m .. 993 87 127 (a) 
129 
November 23, 1885 ••••.•.•.. 6p.m .. 1,230 104 145 (al ..... .... ... ...... ··-· ---· ...... (b) . .... (b) 
150 
a Clear. b Column turbid. 
TABLE 17.-0paque mixtu1·es-rates of subsidence. 
0 per cent. Water. Ether. 
Order of surface. 1- ---,---,----:---- , _____ , 
1------l-_
4_l_2_l_1 _ ~I~~~ 
!. ........ · ....... 0.08 0.12 0.17 0.12 0.17 0.08 ..... . 
2................ 0. 13 0. 20 o. 36 0. 17 . . . . . . 0. 12 .••••• 
3 ................ 0.17 0.25 0.51 0.22 ................. . 
4 ................ 0. 21 0. 32 0. 65 o. 25 ................. . 
5...... .. . . . . . . .. o. 24 0. 40 .. . . . . .. . . .. . • • • • . . • • • . . .. •••• 
6 ••• - • · . • • • • • . • . . 0. 28 0. 51 
7 •••••.•••..••••. 0. 33 
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A few remarks on these tables are in place here. The observation 
that distinct stratification is an earlier occurrence in translucent solu-
tions than in very opaque solutions is well shown by the data in Table 
16. The alcohol and the ether solutions remain turbid dudng the 
whole of the 1,230 hours within which subsidence 1s in progress. The 
descending surface in alcohol (very dense) must therefore be of an 
order higher than the first. Possibly the persistent turbidity may be 
connected with slow evaporation of alcohol or of ether out of the solvent 
water. Where subsidence takes place too rapidly for tbe formation of 
surfaces, no data are given, since those resnlts would not be com-
parable with the other data, and the qualitative character· of the phe-
nomena has already been fully given in Chapter I. 
The term translucent solution is used interchangeably with diluted 
mixture, opaque solution interchangeably with-dense mixture. The ex-
treme members of the dilute and of the opaque series differ largely in tur-
bidity; but the degrees of turbidity of the intermediate members (i.e., 
high degrees for translucent solutions and low degrees for opaque solu-
tions) probably overlap. 
DEDUCTIONS • 
. The discussion may expediently be made to conform. with the general 
plan pursued in the experiments. Rate of subsidence is therefore to be 
studied with regard to its dependence on order of surface, on concen-
tration, and on turbidity. 
Surfaces of d(fferent orders.-Turning first to the data for diluted mix-
tures, Table 14, I find three series of results available for comparison. 
In these there appears a distiuct tendency of rate of subsidence to aug-
ment by nearly the same increment on passing each of the consecutive 
surfaces of demarkation. In the case of one and the same column, there-
fore, like differences of order correspond approximately to like differ-
ences of rate. This deduction is nearly true for the 0 per cent. solu-
tions, and true to a smaller extent for the 0.1 per cent. and 0.2 per cent. 
solutions. 
It is remarkable that as far as the 0.6 per cent. brines, the lowest sur• 
faces for all turbidities .and concentrations ha,ve like rates. This, how-
ever, may be merely accidental, so that if the tubes had been of greater 
length the result would no longer hold. Any rate in turbidity 1 is, as 
a rule, repeated in turbidity 2; rates in turbidity 2 are repeated in 
turbidity 4. When turbidity decreases, greater rates are more fre-
quently repeated than smaller rates. We are thus inclined to infer 
that for continued dilution the column of finer material eventually be-
co~es so nearly transparent that the surfaces escape detection; but 
thi explanation is not valid, as will be shown pre ently iu the ca e of 
opaque mixtures. For brine of greater strength than 0.6 per cent. the 
obser ation lose in accuracy, and we be.gin to encounter marked e,i-
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dences of the effect of salt. Finally the increment of rate from surface 
to surface is augmented in marked degree in proportion as the turbid 
column approaches translucency. 
With these suggestive results in hand it is well to turn for further 
corroboration to the experiments upon opaque solutions given in Table 
17. The three degrees of turbidity of the O per cent. solutions, as well 
as the water of the alcohol and the ether Aeries, are here available for 
comparison. The evidence given by all of these corroborates the de-
ductions made above in a very satisfactory manner, viz: for one and 
the same turbid column the rate of subsidence tends to increase, step 
by step, in regular order, dow:q.wards. If mere dilution were of moment 
here, the upper layers would subside fastest. The column, which at the 
outset is continuously opaque, splits up into periods of nearly the same 
value. Again, the increment of rate of subsidence corresponding to two 
consecutive surfaces is manifestly smaller for opaque than for trans-
lucent solutions, alid varies quite regularly with the degree of tur-
bidity. This result is fully confirme9- by the data for dilute solutions. 
The very satisfactory accordance of all data in hand may be shown 
graphically by regarding rate of subsidence as a function of order of sur-
face and ~nstructing the linear loci on which the isolated points of ob-
S· rvation approximately lie. This has been done in the annexed Fig. 
3. If these lines taken as a whole be prolonged in the direction of 
-4-
FIG. 3.-Relation of rate of subsidence to order of surface for different degrees of turbidity . 
. order decreasing, we infer from the positions of the divers points of 
inter~ection with the axis X, that probably only one or at most two sur-
faces of ver,y slow rate have escaped detection. Whether or not such 
proiongation he permissible remains to.he seen, but the particles belong-
ing to one of these surfaces are probably the cause of the permanent 
opalescent . turbidity which frequently remains after mea1:mrable sub-
sidence is complete. 
Goncentration.-In the case of dilute mixtures turbidity 4, surfaces 1 
and 2, aud turbidity 2, surfaces 1, are available. It appears that rate 
of subsidence as· a function of con,centration varies at a gradually ac-
celerated rate, almost imperceptibly between O per cent. and 0.2 per 
cent.; more rapidly from 0.2 per cent. on. Surfaces are obtainable even 
as far as 1 per cent. In the case of very opaque solu~ions surfaces are 
Bull. 36-4 
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no longer obtainable even for brine of a few tenths per cent. of strength. 
Here, therefore, rate of subsidence increases with concentration much 
more rapidly than holds for dilute mixtures. 
Turbidity.-In the case of opaque solutions the six consecutirn sur-
faces of the O per cent. series are available. The data show that 
velocity of subsidence diminishes at a gradually decreasing rate as tur-
bidity increases. This <liminution is uwre pronounced for the upper 
rapidly-falling surfaces than for the lower surfaces of slo~er descent. 
Regarded as a whole, therefore, the curves converge more and more 
1:0 --1---.:..__+-----J----+----+------1---
t 
FIG. 4.- Relation .!>f rate of subsidence to turbidity for consecutive orders of surfaces. 
nearly in proportion as the original column is more opaque (Fig. 4). 
Hence for very opaque solutions, creteris paribus, the curves probably 
converge in the rate of subsidence zero. In other words, the tendency 
is toward permanent opacity without stratification. 
All these inferences are sustained by the data in hand for translucent 
solutions, where first surfaces of the 0.0, 0. I, 0.2, 0.4 per cent. solutions, 
and second sµrfaces of the 0.0, 0.1, and 0.2 per cent. solutions have been 
compared. Unfortunately, the results . for opaque and for dilute solu-
tions are on a different scale of turbidity. It is a question, moreover, 
whether surfaces of like order can be at once co-ordinated, so that 
further inquiry into this subject will be desirable and fruitful. 
Temperature.-tt bas already been pointed out, as a result of the enor 
introduced by temperature, that the actual locus does not necessarily 
pass through the origin. This assumption, therefore, is only partially 
correct. It is, however, the only method of representation which may 
'be consistently applied throughout. I may add, that, columns of liquid 
placed side by side, show parallel variations of temperature discrep-
ancy. If the surfaces observed above were due to temperature only, 
then we ought to find traces of a daily effect. In the 1,230 hours of 
examination, therefore, fully fifty such surfaces should be anticipated. 
The phenomenon observed is essentially different from this. 
Sedimentation battery.-The experiments made suggest the following 
scheme for researches of a final kind: The tubes for snbsidence should 
be 50 cm. long and about 3 cm. wide. This will give as urance not only 
that all urfaces have been detected but will enable· the ob erver to 
follow each one through a large interv~l of descent. These tube (36 to 
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100) are to be conveniently arranged in tiers of say 6 to 10 in each hori-
zontal row an·d the same number in each vertical row. Where brine and 
tripoli, for instance, are the ingredients, the degrees of concentration 
-0.0, 0.1, 0.2, 0.4, 0.6, 0.8, 1 per cent. (horizontal row) and the degrees 
of turbidity 1, 2, 4, 61 8, 10 (vertical row) will probably suffice to enable 
the observer to follow all the essential phenomena closely. It is highly 
desirable that each tube be provided with a millimeter scale (etched). 
It is necessary that the battery be placed in a room whose temperature 
is constant,. Great pains must be taken to . detect and observe all sur-
faces, and even to seek for such as are apparently invisible, by some such 
method as that described in the text, page 49. The experiments must, 
of course, be extended to a variety of subsiding solids. They must fre-
quently be repeated to exhibit the time effect of the action of the liquid 
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